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OFFICEBS 

OP  THE 

BOSTON    MEETING. 


FIFTIETH  ANNIVERSARY. 


FKBSIDEirF. 
F.  W.  Putnam,  Harvard  University,  Cambridge,  Mass. 
VICE    FKBSIDJilNTS.   * 

A.  Hathematios  and  Astronomy  —  E.  E.  Barnard,  Yerkes  Obser- 

vatory, Williams  Bay,  Wis. 

B.  Physics  —  Frank  P.  Whitman,  Adelbert  College,  Cleveland,  Ohio. 

C.  Chemistry—  EdgabF.  Smith,  University  of  Pennsylvania,  Phila- 

delphia, Pa. 

D.  Hechanical  Science  and  Engineering—  John  Galbraith,  To- 

ronto, Canada  (in  the  absence  of  M.  B.  Cooley,  University  of 
Michigan,  Ann  Arbor,  Mich.). 

E.  Geology  and  Geography  —  H.  L.Fairchild,  University  of  Roch- 

ester, Rochester,  N.  Y. 

F.  Zodlogy  —  A.  S.  Packard,  Brown  University,  Providence,  R.  I. 

G.  Botany  — W.  G.  Farlow,  Harvard  University,  Cambridge,  Mass. 
H.    Anthropology  —  J.   McK.   Cattell,  Columbia  University,  New 

York,  N.  Y. 
I.    Social  and  Economic  Science  —  Archibald  Blue,  Bureau  of 
Mines,  Toronto,  Ontario,  Canada. 

PERMANENT   SEOBETAB7. 

L.  0.  HowABD,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

GENERAIi   SECRBTAB7 

Jamks  McMahon,  Cornell  University,  Ithaca,  N.  Y. 

[To  fill  vacancy  caused  by  the  death  of  Da\td  S.  Kellicott,  Ohio  State 

University,  Columbus,  O.] 

SBORETiLRY   OF   THE   OOUNCUi. 

Frrdkrick  Bedell,  Cornell  University,  Ithaca,  N.  Y. 

SEOBETARIES   OF   THE   SECTIONS. 

A.  Mathematics  and  Astronomy  — Winslow  Upton,  Brown  Uni- 

versity, Providence,  R.  I. 

B.  Physics— W.  S.  Fkanklin,  Lehigh  University,  So.  Bethlehem,  Pa. 

C.  Chemistry  —  Charlks  Baskrrville,  University  of  North  Carolina, 

Chapel  Hill.  N.  C. 

D.  Mechanical  Science  and  Engineering  — W.  S.  Aldrich,  Uni- 

versity of  West  Virginia,   Morgantown,    W.   Va.    (John  J. 
Flather,  Lafayette,  Ind.,  Acting  Secretary  during  the  absence 
of  Professor  Aldrich.) 
B.    Geology  and  Geography — Warrkn  Upham,  Minnesota  Histori- 
cal Societv,  St.  Paul,  Minn. 

F.  Zodlogy  —  R.  T.  Jackson,  Harvard  University,  Cambridge,  Mass. 

G.  Botany  — Ekwin    F.   Smith,  U.   S.   Department  of   Agriculture, 

Washington,  D.  C. 

H.  Anthropology  —  M.  H.  Savillr,  American  Museum  of  Natural 
History,  Central  Park,  New  York,  N.  Y. 

I.  Social  and  Economic  Science  —  Marcus  Benjamin,  U.S.  Na- 
tional Museum,  Washington,  D.  C. 

TBEASTJBEB. 
R.  S.  Woodward,  Columbia  University,  New  York,  N.  Y. 
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MEMBERS  OF  THE  COUNCIL 

FOR  THE 

BOSTON  MEETING. 


FIFTIETH  ANNIVERSARY. 


Past  Presidents.  —  Simon  Nbwcomb  of  Washington;  O.  C.  Marsh  of 
New  Haven ;  George  F.  Barker  of  Philadelphia ;  George  J.  Brush  of 
New  Haven;  J.  W.  Dawson  of  Montreal;  C.  A.  Young  of  Princeton; 
J.  P.  Lesley  of  Philadelphia;  Edward  S.  Morse  of  Salem;  Samuel  P. 
Langley  of  Washington ;  J.  W.  Powell  of  Washington ;  T.  C.  Mknden- 
HALL  of  Worcester;  George  L.  Goodale  of  Cambridge;  Albert  B. 
Prescott  of  Ann  Arbor;  Joseph  LbContk  of  Berkeley;  Willlam  Hark- 
NESs  of  Washington;  Daniel  G.  BRiNTONof  Media;  Edward  W.  Morlky 
of  Cleveland;  Theodore  Gill  of  Washington;  Wolcott  Gibes  of 
Newport. 

Vice  Presidents  of  the  Detroit  Meeting,^  W.  W.  Bkman  of  Ann  Arbor ; 
Carl  Barus  of  Providence;  W.  P.  Mason  of  Troy;  J.  Galbraith  of 
Toronto;  E.  W.  Claypolb  of  Akron;  L.  O.  Howard  of  Washington: 
George  F.  Atkinson  of  Ithaca;  W  J  McGee  of  Washington;  Richard 
T.  CoLBURN  of  Elizabeth. 

Officers  of  the  Boston  Meeting. •—¥.  W.  Putnam  of  Cambridge;  E.  E. 
Barnard  of  Williams  Bay;  F.  P.  Whitman  of  Cleveland;  E.  F.  Smith 
of  Philadelphia;  John  Galbraith  of  Toronto;  H.  L.  Fairchild  of  Roch- 
ester; A.  S.  Packard  of  Providence;  W  G.  Farlow  of  Cambridge;  J. 
McK.  Cattell  of  New  York ;  Archibald  Blue  of  Toronto ;  L.  O.  Howard 
of  Washington;  James  McMahon  of  Ithaca;  Frederick  Bedell  of 
Ithaca;  WiNSLOW  Upton  of  Providence;  W  S.  Franklin  of  S.Beth- 
lehem; Charles  Baskerville  of  Chapel  Hill ;  W.  S.  Aldrich  of  Morgan- 
town  ;  Warren  Upham  of  St.  Paul ;  R.  T.  Jackson  of  Cambridge ;  E.  F. 
Smith  of  Washington ;  M.  H.  Saville  of  New  York ;  Marcus  Benjamin 
of  Washington;  R.  S.  Woodward  of  New  York. 

From  the  Association  at  Large. —  To  hold  over  until  successors  are 
elected.  A  fellow  elected  from  each  section. —  E.  C.  Pickering  of  Cam- 
bridge (A) ;  H.  S.  Carhart  of  Ann  Arbor  (B)  ;  F.  W.  Clarke  of  Wash- 
ington (C)  ;  John  B.  Johnson  of  St.  Louis  (D) ;  I.  C.  White  of  Morgan- 
town  (E) ;  W.  H.  Dall  of  Washington  (F) ;  W.  W.  Rowlek  of  Ithaca 
(G)  ;  Alice  C.  Fletcher  of  Cambridge  (H)  ;  W.  R.  Lazenby  of  Colum- 
bus (I). 
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LOCAL  COMMITTEES 

FOR 

BOSTON     MEETING 


For  a  fall  list  of  Members  of  the  several  Local  Committees  see  General  and  Daily 
Programmes  of  the  Meeting. 


HONORARY  COMMITTEE. 

Ills  Excellency  Governor  Roger  Wolcott,  President. 

Dr.  Thomas  Dwioht,  Prof.  Alpheus  Hyatt,  Prof.  E.  C.  Pickering,  Secretaries. 
Col.  Hbnrt  L.  Higoinson,  Treasurer. 

COMMITTEE  ON  FINANCE. 

Col.  Henry  L.  Higginson,  Ckairman. 

Col.  Edward  D.  Robins,  Secretary. 

RECEPTION  COMMITTEE. 

Dr.  J.  R.  Chadwick,  Chairman. 

Dr.  John  Homans,  Jr.,  Secretary. 

COMMITTEE  ON  PLACES  OF  MEETING. 

Prof.  Charles  R.  Cross,  Chairman. 

Charles  L.  Norton,  Secretary. 

COMMITTEE  ON  INVITATIONS  TO  FOREIGN  GUESTS. 

Dr.  Henry  P.  Bowditch,  Chairman. 

A.  Lawrence  Rotch,  Secretary. 

COMMITTEE  ON   EXCURSIONS. 

Gen.  Francis  H.  Appleton,  Chairman. 

John  Woodbury,  Secretary. 

CAMBRIDGE  COMMITTEE. 

President  Charles  W.  Eliot,  Chtximian, 

Byron  8.  Hdrlburt,  Secretary, 
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Vlll  LOCAL   COMMITTBK8. 


SALEM   COMMITTEE. 


Hon.  ROBBRT  S.  Rantoul,  Chairman. 

HBNRr  M.  Batohbldeb,  Secretary. 


EXECUTIVE  COMMITTEE. 

Prof.  William  T.  Sedgwick,  Chairman. 

Prof.  H.  W.  TrLER,  Secretary. 


LOCAL  SECRETAUY. 
Prof.  H.  W.  Tyleb. 
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OFFICERS  ELECTED 

FOR  THB 

COLUMBUS  MEETING. 


PKBSrDENT. 
Edward  Orton,  Ohio  State  University. 

VIOB  FBBSrDENTS. 

A.  Mathematios     and    Astronomy— Alexander   MagFarlane, 

Lehigh  University. 

B.  Physios  —  Elihu  Thomson,  Lynn,  Mass. 

O,    Chemistry—  F.  P.  Vbnable,  University  of  North  Carolina. 

D.    Heohanioal  Soience  and  Engineering— Storm  Bull,  Univer- 
sity of  Wisconsin. 

B.    Geology  and  Geography —J.  F.  Whitkaves,  Geological  Survey 
of  Canada. 

F.    Zodlogy  —  S.  H.  Gage,  Cornell  University. 

Q.    Botany  —  Charles  R.  Barnes,  University  of  Chicago. 

H.    Anthropology— Thomas  Wilson,  Smithsonian  Institution. 
I.    Social  and  Economic  Soience  —  Marcus  Benjamin,  U.  S.  Na- 
tional Museum. 

PERMANENT   SECHETAilY. 
L.  O.  Howard,  U.  S.  Department  of  Agriculture. 

GENE  B  All  SECRETARY. 
Frkdkrick  Hkdell,  Cornell  University. 

SEORETiLRY  OF  THE   COUNOIIi. 
Charles  Baskkrville,  University  of  North  Carolina. 

BEORETARIEB   OF  THE   SECTIONS. 

A.  Mathematics  and  Astronomy— John  F.  Hatford. 

B.  Physios  —  William  Hallock,  Columbia  University. 

C.  Chemistry  —  H.  A.  Webkr,  Ohio  State  University. 

I>.    Mechanical  Science  and  Engineering  — James  M.  Porter, 
Lafayette  University. 

S.    Geology  and  Geography  —  Arthur  Hollick,  Columbian  Univer- 
sity. 

F.     Zodlogy —  F.  W.  True,  U.  8.  National  Museum. 

Q.    Botany — W.  A.  Kellkkman,  Ohio  State  University. 

H.   Anthropology  —  George  A.  Dorsky,  Field  Columbian  Museum. 
I.   Social  and  Economic  Science- Calvin  M.  Woodward,  Wash- 
ington University. 

TREASURER. 

R.  S.  Woodward,  Columbia  University. 
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MEMBERS  OF  THE  COUNCIL 

FOR  THB 

COLUMBUS  MEETEN^G. 


Past  Presidents.  —  Simon  Newcomb  of  Washington ;  0.  C.  Marsh  of 
New  Haven ;  Gborqb  F.  Barker  of  Philadelphia ;  George  J.  Brush  of 
New  Haven;  J.  W.  Dawson  of  Montreal;  C.  A.  Young  of  Princeton; 
J.  P.  Lesley  of  Philadelphia;  Edward  S.  Morse  of  Salem;  Samuel  P. 
Langley  of  Washington ;  J.  W.  Powell  of  Washington ;  T.  C.  Mendbn- 
HALL  of  Worcester;  George  L.  Goodale  of  Cambridge;  Albert  B. 
Prescott  of  Ann  Arbor ;  Joseph  LeConte  of  Berkeley ;  Willlam  Hark- 
NE88  of  Washington;  Daniel  G.  Brinton  of  Media;  Edward  W.  Mor- 
lby  of  Cleveland ;  Theodore  Gnx  of  Washington ;  Wolcott  Gibbs  of 
Newport;  F.  W.  Putnam  of  Cambridge. 

Vice  Presidents  of  the  Boston  Meeting,  —  E.  E.  Barnard  of  Green  Bay ; 
Frank  P.  Whitman  of  Cleveland;  Edgab  F.  Smith  of  Philadelphia; 
John  Galbraith  of  Toronto;  H.  L.  Fairchild  of  Rochester;  A.  S. 
Packard  of  Providence ;  W.  G.  Farlow  of  Cambridge ;  J.  McK.  Cattell 
of  New  York ;  Archibald  Blub  of  Toronto. 

Officers  of  the  Columbus  3fe€tin^.  —  Edward  Orton  of  Columbus; 
Alexander  Macparlane  of  South  Bethlehem;  Elihu  Thomson  of  Lynn; 
F.  P.  Venable  of  Chapel  Hill ;  Storm  Bull  of  Madison ;  J.  F.  Whit- 
eaves  of  Ottawa;  S.  H.  Gage  of  Ithaca;  C.  R.  Barnes  of  Chicago; 
Thomas  Wilson  of  Washington;  Marcus  Benjamin  of  Washington; 
L.  0.  Howard  of  Washington;  Frederick  Bedell  of  Ithaca;  Charles 
Baskerville  of  Chapel  Hill;  John  F.  Haypord  of  Washington;  Wil- 
liam Hallock  of  New  York;  H.  A.  Weber  of  Columbus;  James  M. 
Porter  of  Easton;  Arthur  Hollick  of  New  York;  F.  W.  True  of 
Washington;  W.  A.  Kellerman  of  Columbus;  George  A.  Dorsey  of 
Chicago ;  Calvin  M.  Woodward  of  St.  Louis ;  R.  S.  Woodward  of  New 
York. 

From  the  Association  at  Large. — To  hold  over  until  successors  are 
elected.  A  fellow  ftom  each  section. —  E.  C.  Pickering  of  Cambridge 
(A.) ;  H.  S.  Carhakt  of  Ann  Arbor  (B) ;  F.  W.  Clarke  of  Washington 
(C)  ;  J.  B.  Johnson  of  St.  Louis  (D)  ;  1.  C.  White  of  Morgantown  (B)  ; 
W.  H.  Dall  of  Washington  (P)  ;  W.  W.  Rowlkr  of  Ithaca  (G) ;  Aijcb 
C.  Fletcher  of  Cambridge  (H) ;  W.  R.  Lazknby  of  Columbus  (I). 
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SPECIAL  COMMITTEES  OF  THE  ASSOCIATION.^ 


1.    Auditors, 
Bmobt  McClintock»  MoxTistown,  and  G.  K.  Gilbert,  Washington. 

2.     Committee  on  Indexing  Chemical  Literature. 
H.  Cabrimgton  Bolton,  Cliairman,  F.  W.  Clabke,  a.  R.  Lekds,  H.  W.  Wilet, 
J.  W.  Lamolbt,  a.  B.  Prescott,  Alfred  Tuckbrm an. 

8.     Committee  on  the  Association  Table  in  Biological  Laboratory  at 
Wood's  HolU 

The  Outooino  and  Incoming  Vice  Presidents  of.  Sections  F  and  G,  and  C.  O. 
Whitman,  Chicago. 

4.     Committee  on  the  Policy  of  the  Association, 

The  President,  Chairman,  The  Permanent  Secretary,  The  Treasurer, 
T.  C.  Mbndenhall,  William  Kent,  Wm.  H.  Brewer. 

5.     Committee  on  Standards  of  Measurements, 
T.  C.  Mbndenhall,  Chairman,  E.  W.  Morlby,  E.  L.  Nichols,  R.  S.  Woodward, 
H.  A.  Roland,  H.  S.  Carhart.    With  power  to  add  to  its  number. 

6.     Committee  on  Standard  Colors  and  Standard  Nomenclature  of  Colors. 
O.  N.  Rood,  Chairman,  W.  LeConte  Stevens,  William  Hallock. 

7.     Committee  on  the  Association  Library. 
Alfred  Springer,  Chairman,  A.  W.  Butler,  W.  L.  Dudley,  T.  H.  Norton, 
Thomas  French,  Jr. 

8.    Committee  for  the  study  of  the  White  Bace  in  America, 
D.  Q.  Brinton,  J.  McK.  Cattell,  W.  W.  Nbwell,  W  J  McGee,  Fbanz  Boas. 

9.     Committee  to  cooperate  with  the  National  Educational  Association 
regarding  the  Teaching  of  Science  in  the  Secondary  Schools, 
R.  S.  Tarr,  H.  S.  Carhart,  A.  S.  Packard,  C.  F.  Mabery,  C.  E.  Bessey. 

10.     To  represent  the  Association  as  Member  of  the  American  Advisory 
Board  on  an  International  Code  of  Zodlogical  Nomenclature. 
A.  8.  Packard. 

11.     Committee  on  Uniform  Nomenclature  in  Scientific  Work, 

R.  T.  Colburn,  Chairman,  E.  S.  MORSE,  A.  B.  Prescott,  R.  S.  Woodward,  L.  O. 
Howard. 

12.     Committee  on  Extending  the  Influence  of  the  Association  into  the  Sec- 
ondary Schools. 
E.  S.  Morse,  W.  Orr,  jr.,  T.  C.  Chamberlin. 

18.     Committee  for  the  collection  of  Information  relative  to  Forestry. 
W.  H.  Brewer,  Chairman,  Gifford  Pinchot,  Arnold  Hague. 

14.     Committee  on  the  Increase  of  the  Efficiency  of  the  U.  S.  Naval 
Observatory. 
E.  C.  Pickering,  T.  C.  Mbndenhall,  R.  S.  Woodward. 

1  All  Committees  are  expected  to  present  their  reports  to  the  Council  not  later  than 
the  third  day  of  the  meeting.  Committees  sending  their  reports  to  the  Permanent 
Secretary  one  month  before  a  meeting  can  have  them  printed  for  use  at  the  meeting. 
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PLAOB. 

DATE. 

MEMBERS 
IN  ATTEND- 
ANCE. 

NUMBER  OF 

1, 

Philadelphia 

Sept.  20,  1848 

? 

461 

2. 

Cambridge 

Aug.  14,1849 

? 

640 

8. 

Charleston 

Mar.  12,  1860 

? 

622 

4. 

New  Haren 

Aug.  19,1860 

? 

704 

6. 

Cincinnati 

May    6,  1861 

87 

800 

6. 

Albany 

Aug.  19, 1851 

194 

769 

7. 

Cleveland 

July  28,  1863 

? 

940 

8. 

Washington 

April  26,  1864 

168 

1004 

9. 

Providence 

Aug.  15,  1856 

166 

606 

10. 

2nd  Albany 

Aug.  20,  1856 

881 

732 

11. 

Montreal 

Aug.  12,1857 

361 

946 

1%, 

Baltimore 

April  28, 1858 

190 

962 

18. 

Springfield 

Aug.    8,  1869 

190 

862 

14. 

Newport 

Aug.    1,  1860 

135 

644 

15. 

Buffalo 

Aug.  16.1866 

79 

687 

16. 

Burlington 

Aug.  21. 1867 

73 

416 

17. 

Chicago 

Aug.    6,  1868 

269 

686 

18. 

Salem 

Aug.   18,1869 

244 

611 

19. 

Troy 

Aug.  17.  1870 

188 

636 

SO. 

Indianapolis 

Aug.  16,1871 

196 

668 

21. 

Dubuque 

Aug.  15,1872 

164 

610 

32. 

Portland 

Aug.  20,1873 

195 

670 

23. 

Hartford 

Aug.   12,1874 

224 

722 

24. 

Detroit 

Aug.   11,1875 

166 

807 

25. 

2nd  Buffalo 

Aug.  23,  1876 

215 

867 

26. 

Nashville 

Aug.  29,1877 

178 

068 

27. 

St.  Louis 

Aug.  21, 1878 

134 

962 

28. 

Saratoga 

Aug.  27,  1879 

266 

1030 

28. 

Boston 

Aug.  26,  1880 

997 

1655 

80. 

2nd  Cincinnati 

Aug.  17,  1881 

600 

1699 

81. 

2nd  Montreal 

Aug.  28,  1882 

987 

1922 

82. 

Minneapolis 

Aug.   15,1883 

828 

2088 

88. 

2nd  Philadelphia 

Sept.    3,  1884 

1361* 

1981 

84. 

Ann  Arbor 

Aug.  26,  1886 

364 

1956 

86. 

8d  Buffalo 

Aug.  18.  1886 

446 

1886 

86. 

New  York 

Aug.  10,  1887 

729 

1966 

87. 

2nd  Cleveland 

Aug.  14,  1888 

342 

1964 

88. 

Toronto 

Aug.  26,  1889 

424 

1962 

89. 

2d  Indianapolis 

Aug.   19.1890 

864 

1944 

40. 

2d  Washington 

Aug.   19,1891 

658t 

2064 

41. 

Rochester 

Aug.  17,  1892 

466 

2087 

42. 

Madison 

Aug.   17,1898 

290 

1939 

48. 

Brooklyn 

Aug.  16,1894 

488 

1802 

44. 

2d  Springfield 

Aug.  28,1895 

868 

1913 

46. 

4th  Buffalo 

Aug.  24,  1896 

833 

1890 

46. 

2d  Detroit 

Aug.    9,1897 

288t 

178i 

47. 

2d  Boston 

Aug.  22,  1898 

903 

1729 

48. 

Columbus 

Aug.  19, 1899 

~"~~ 

*  Incladlng  808  memben  of  the  Britiih  AMOciation  and  9  other  ibrdgn  gneita. 

f  Incladlng  94  Foreign  Honoraty  membcrt  for  the  meeting. 

^  Indoding  15  Foreign  Honorary  memben  and  aMociatei  for  the  meeting. 
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[The  number  before  the  name  is  that  of  the  meeting ;  the  year  of  the 
meeting  foiiows  the  name ;  the  asterisk  after  a  name  indicates  that  the 
member  is  deceased.] 

PRESIDENTS. 


1.  f  Wm.  B.  Rogers,*  1848. 
I  W.  C.  Redfield,*  1848. 

2.  Joseph  Henry,*  1849. 

8,  4,  5.  A.  D.  Bache,*  March  meet- 
ing, 1860,  in  absence  of  Jo- 
seph Hknry.*  August  meet- 
ing, 1860.  May  meeting,  1851. 

6.  Louis  AoASSiz,*  August  meet- 

ing, 1861. 
(No  meeting  in  1862). 

7.  Benjamin  Pierce,*  1863. 

8.  James  D.  Dana,*  1854. 

9.  John  Torrey,*  1856. 

10.  James  Hall,*  1856. 

11,  12.    Alexis  Caswell,*  1867,  in 

place  of  J.  W.  Bailey,*  de- 
ceased. 1858,  in  absence  of 
Jeffries  Wyman.* 

18.     Stephen  Alexander,*  1859. 

14.    Isaac  Lea,*  1860. 

(No  meetings  for  1861-65). 

16.    F.  A.  P.  Barnard,*  1866. 

16.  J.  S.  Newberry,*  1867. 

17.  B.  a.  Gould,*  1868. 

18.  J.  W.  Foster,*  1869. 

19.  T.  Sterry  Hunt,*  1870,  in  the 

absence  of  Wm.Chauvenbt.* 

20.  Asa  Gray,*  1871. 

21.  J.  Lawrence  Smith,*  1872. 

22.  Joseph  Lovkring,*  1873. 

23.  J.  L.  LeConte,*  1874. 

24.  J.  E.  HiLGARD,*  1875. 

25.  William  B.  Rogers,*  1876. 

(xiv) 


26. 
27. 
28. 
29. 
80. 
81. 


34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 

46. 

46. 

47. 

48. 


Simon  Newcomb,  1877. 
O.  C.  Marsh,  1878. 
G.  F.  Barker,  1879. 
Lewis  H.  Morgan,*  1880. 
G.  J.  Brush,  1881. 
J.  W.  Dawson,  1882. 
C.  A.  Young,  1883. 
J.  P.  Lesley,  1884. 
H.  a.  Newton,*  1885. 
Edward  S.  Morse,  1886. 
S.  P.  Langley,  1887. 
J.  W.  Powell,  1888. 
T.  C.  Mbndenhall,  1889. 
G.  Lincoln  Good  ale,  1890. 
Albert  B.  Prescott,  1891. 
Joseph  LeConte,  1892. 
William  Hakkness,  1893. 
Daniel  G.  Brinton,  1894. 

E.  W.  MoRLEY,  1896. 

(Edward  D.  Copk,*  1896. 
Thkodore  Gill,   as  senior 
vice  president  acted  after 
the  death  of  Prof.  Cope. 
WOLCOTT  Gibbs,  1897,  absent. 
W  J  McGee,  Acting  President. 

F.  W.  Putnam,  1898. 
Edward  Orton,  1899. 
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XV 


VICE  PRESIDENTS. 
There  were  no  Vice  Presidents  until  the  11th  meeting  when  there  was  a 
single  Vice  President  for  each  meeting.  At  the  24th  meeting  the  Associa- 
tion met  in  Sections  A  and  B,  each  presided  over  by  a  Vice  President.  At 
the  31st  meeting  nine  sections  were  organized,  each  with  a  Vice  President 
as  its  presiding  officer.  In  1886,  Section  G  (Microscopy)  was  given  up. 
In  1892,  Section  F  was  divided  into  F,  Zoology;  G,  Botany. 

1867-1874. 

Charles  Whittlesey,*  1868. 

Ogden  N.  Rood,  1869. 

T.  Sterry  Hunt,*  1870,  acted 

as  President. 
G.  F.  Barker,  1871. 
Alexander  Winchell,*  1872. 
A.   H.   WORTHBN,*   18*73,   not 

present. 
C.  S.  Lyman,*  1874. 

■1881. 

Section  B. —Natural  History. 

24.  J.  W.  Dawson,  1875. 

26.  Edward  S.  Morse,  1876. 

26.  O.  C.  Marsh,  1877. 

27.  Aug.  R.  Grotk,  1878. 

28.  J.  W.  Powell,  1879. 

29.  Alexander  Agassiz,  1880. 
80.  Edward  T.  Cox,  1881,  in  the 

absence  of  George  Engbl- 


11. 

Alexis  Caswell,*  1867,  acted 

17. 

as  President. 

18. 

12. 

John  E.  Holbrook,*  1858,  not 
present. 

19. 

18. 

Edward  Hitchcock,*  1859. 

20. 

14. 

B.  a.  Gould,*  1860. 

21. 

16. 

A.  A.  Gould,*  1866,  in  absence 

of  R.  W.  GiBBES. 

22. 

16. 

Wolcott  Gibbs,  1867. 

28. 

1875- 

Section  A.  — Mathematics,  Physics 

and  Chemistry, 

H.  A.  Newton,*  1876. 

C.  A.  Young,  1876. 

R.  H.  Thurston,  1877,  in  the 

absence  of  E.  C.  Pickering. 

R.  H.  Thurston,  1878. 

S.  P.  Langley,  1879. 

Asaph  Hall,  1880. 

William  Harkness,   1881,  in 

the  absence  of  A.  M.  Mayer.* 


24. 
26. 

26. 

27. 
28. 
29. 
80. 


CHAiRifEN  OF  Subsections,  1875-1881. 


u. 

96. 
96. 
27. 
28. 

29. 
80. 


95. 
96. 
97. 


Subsection  of  Chemistry, 

8.  W.  Johnson,  1875. 
G.  F.  Barker,  1876. 
N.  T.  LUPTON,*  1877. 
F.  W.  Clarke,  1878. 
F.  W.  Clarkb,  1879,  in  the  absence 
of  Ira  Rbmsen. 

J.M.  ORDWAY,  1880. 
6.  C.  Caldwell.  1881,  in  the  absence 
of  w.  R.  Nichols.* 

Subsection  of  Microscopy, 

R.  H.  Ward,  1876. 
R.  H.Ward,  1877. 

R.  H.  Ward,  1878,  in  the  absence  of 
6.  S.  Blagkik.* 


28.  E.  W.  Morlby,  1879. 

29.  S.  A.  LATTIMORE,  1880. 
80.    A.B.  Hbrvby,  188L 

Subsection  of  Anthropology, 

24.  Lewis  H.  Morgan,*  1876. 

25.  Lewis  H.  Morgan,*  1876. 

26.  Daniel  Wilson.*  1877,  not  present. 

27.  United  with  Section  B. 

28.  Daniel  Wilson,*  1879. 

29.  J.  W.  Powell.  1880. 

30.  Garrick  Mallbry,*  1881. 

Subsection  of  Entomology. 
80.    J.  G.  Mo  KRIS,*  1881. 
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Vice  Presidents 
Section  A. — Mathematics  and 
Astronomy. 
81.     W.   A.   RoGKRS,*  1882,  In  the 
absence  of  Wm.  Harknkss. 
32.    W.  A.  Rogers,  1888. 
38.     H.  T.  Eddy,  1884. 
84.     Wm.    Hakkness,  1885,   In  the 
absence  of  J.  M.  Van  Vlkck. 
86.    J.  W.  GiBBS,  1886. 

86.  J.  R.  Eastman,  1887,  in  place 

of  W.  Ferrbl.*  resigned. 

87.  Ormond  Stonk,  1888. 

88.  R.  S.  Woodward,  1889. 

89.  S.  C.  Chandler,  1890. 

40.  E.  W.  Hyde,  1891. 

41.  J.  R.  Eastman,  1892. 

42.  C.  L.  Dooijttle,  1893. 

^g         f  G.  C.  COMSTOCK,    1894. 

I  Edgar  Frisby,  1894. 

44.  Edgar  Frisby,  1895,  in  place 

of  E.  H.  HoLDEN,  resigned. 

45.  Alkx.    Macfarlank,   1896    in 

place  of  Wm.  E.  Story,  re- 
signed. 


46. 

W.  W.  Beman,  1897. 

31. 

47. 

E.  E.  Barnard,  1898. 

82. 

48. 

Alexander  MacFarlane,  1899 

38. 
84. 

Section  B.— Physics. 

86. 
36. 

81. 

T.  C.  Mendenhall,  1888. 

33. 

H.  A.  Rowland,  1883. 

87. 

88. 

J.  Trowbridge,  1884. 

38. 

34. 

8.  P.  Lanolet,  1885,  In  place  of  C. 
F.  Brackbtt,  resigned. 

39. 

86. 

C.  F.  Brackett,  1886. 

86. 

W.A.Anthony,  1887. 

87. 

A.  A.  MiCIIELSON,  1888. 

40. 

88. 

H.  S.  Carhart,  1889. 

41. 

39. 

Cleveland  Abbe,  1890. 

42. 

40. 

F.  E.NiPHER,  1891. 

48. 

41. 

B.  F.  Thomas,  1893. 

43. 

E.  L.  Nichols,  1898. 

44. 

48. 

Wm.  A.  Rogers,  1894. 

46. 

44. 

W.  Le(;onte  Stevens,  1896. 

46. 

45. 

Carl  Leo  Mees,  I8«6. 

47. 

46. 

Carl  Barus,  1897. 

47. 

F.  P.  Whitman,  1898. 

4«. 

Elihu  Thomson,  1899. 

48. 

OF  Sections,  1882- 

Section  C— Chemistry, 

31.  H.  C.  Bolton.  1882. 

82.  E.  W.  MoRLKY,  1883. 

88.  J.  W.  Langley,  1884. 

84.  N.  T.  LuPTON,*  1886,  in  absenoe 

of  W.  R.  Nichols.* 

36.  H.  W.  Wiley,  1886. 

36.  A.  B.  Pkrscott,  1887. 

37.  C.  E.  MuNKOB,  1888. 

38.  W.  L.  Dudley,  1889. 

89.  H.  B.  Warder,  1890. 

40.  R.  C.  Kedzib,  1891. 

41.  Alphed  Sprinoer,  1892. 

42.  Edward  Hart,  1893. 
48.  T.  H.  NORTON,  1894. 
44.  Wm.  McMurtrie,  1896. 
46.  W.  A.  NOYKS,  1896. 

46.  W.  P.  Mason,  1897. 

47.  Edgar  F.  Smith,  1898. 

48.  F.  P.  VenaBle,  1899. 


Section  D.— Mechanical  Science 
and  Engineering. 

W.  P.  Trowbridge,*  1882. 

De  Volson  Wood,  1888,  ab- 
sent, but  place  was  not  filled. 

R.  H.  Thurston,  1884. 

J.  Bukkitt  Webb,  1886/ 

O.  Chanute,  1886. 

E.  B.  CoxE,  1887. 

C.  J.  H.  Woodbury,  1888. 

Jambs  E.  Denton,  1889. 

James  E.  Denton,  1890,  in 
place  of  A.  Beardslby,  ab- 
sent. 

Thomas  Gray,  1891. 

J.  B.  Johnson,  1892. 

S.  W.  Robinson,  1898. 

Mansfield  Merriman,  1894. 

William  Kent,  1896. 

Frank  O.  Marvin,  1896. 

John  Galbkaith,  1897. 

John  Galbraith,  1898,  in  ab- 
sence of  M.  E.  Coolby. 

Storm  Bull,  1899. 
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Vice  Pbesidbnts  of 
Section  B. — Otology  and  Geography, 

81.  E.  T.  Cox,  1882. 

82.  C.  H.  Hitchcock,  1883. 

88.  N.  H.  WnfCHBLL,  1884. 

84.  Edward  Orton,  1885. 

85.  T.  C.  Chambbrun,  1886. 

86.  G.  K.  Gilbert,  1887. 

87.  George  H.  Cook,*  1888. 

88.  Charles  A.  White,  1889. 

89.  John  C.  Brakner,  1890. 

40.  J.  J.  Stevenson,  1891. 

41.  H.  S.  Williams,  1892. 

42.  Charles  D.  Walcott,  1898. 
48.  Samuel  Calvin,  1894. 

44.  Jed.  Hotchkiss,  1895. 

45.  B.  K.  Emerson,  1896. 
^    1 1.  C.  White,  1897. 

i  E.  W.  CLATPOLEj  1807. 

47.  H.  L.  FaIRCHILD,  1898. 

48.  J.  F.  WhiteavES,  1899. 

Section  F.— Biology,  1882-92. 
81.    W.  H.  Dall,  1882. 
32.    W.  J.  Beal,  1883. 
88.    E.  D.  Cope,*  1884. 
34.    T.  J.  Burrill,  1885,  in  the  absence 
of  B.  g.  Wilder. 

85.  H.  P.  BowditCH,  1886. 

86.  W.  G.  Parlow,  1887. 

87.  C.  V.  Riley,*  1888. 

88.  George  L.  Goodalb,  1889. 

39.  C.  S.  MiNOT,  1890. 

40.  J.  M.  Coulter,  1891. 

41.  S.  H.  Gage,  1892. 

Section  F.—  Zodlogy, 

42.  Henrt  p.  OS  born,  1898. 

48.    J.  A.  LiNTNER,  1894,  In  place  of  S. 

H.  ScuDDER,  resigned. 
U.   L.  O.  Howard,  1895,  in  place  of  D. 

S.  Jordan,  resigned. 

45.  Theo.  Gill,  1896. 

46.  L.  O.  Howard,  1897,  in  place  of  G. 

Brown  Gooi?e,*  deceased. 

47.  A.  S.  Packard,  1898. 

48.  S.  H.  Gage,  1899. 


Section  G.^Mcroscopy,  1882-85. 

81.  A.  H.  TUTTLE,  1882. 

82.  J.  D.  Cox,  1888. 
T.  G.  WORMLET,  1884. 
8.  H.  Gage,  1886. 
(Section  united  with  F  in  1886.) 
A.  A.   A.   8.  VOL.  XLVU  B 


88 
84. 


Sections,  continued. 

Section  G.— Botany. 

42.  Charles  E.  Besset,  1893. 

43.  j  L.  M.  Underwood,  1894, 
<  C.  E.  Besset,  1894. 

44.  J.  C.  Arthur,  1895. 

45.  N.  L.  BrittON,  1896. 

46.  G.  F.  Atkinson,  1897. 

47.  W.  G.  Farlow,  1898. 

48.  C.  R.. Barnes,  1899. 


Section  H.^ Anthropology, 

31.  Alexander  Winchell,*  1882. 

82.  Otis  T.  Mason,  1883. 

33.  Edward  S.  Morse,  1884. 

84,  J.  Owen  Dorset,*  1885,  in  absence 

of  W.  H.  Dall. 

35.  Horatio  Hale,*  1886. 

86.  D.  G.  Brinton,1887. 

37.  Charles  C.  Abbott,  1888. 

88.  Garrick  Mallert,*  1889. 

89.  Franz  Baker,  1890. 

40.  Joseph  Jastrow,  1891. 

41.  W.  H.  Holmes,  1892. 

42.  J.  Owen  Dorset,*  1898. 

43.  Frank  Boas,  1894. 

44.  f.  h.  cushing,  1895. 

45.  Alice  C.  Fletcher,  1896. 

46.  W  J  McGbe,  1897. 

47.  J.  McK.  Cattell,  1898. 

48.  Thomas  Wilson,  1899. 


Section  I.  —  Social   and  Economic 
Science. 

81.  E.  B.  fiLLIOTT,*  1882. 

32.  Franklin  B.  Hough,*  18«I. 

33.  John  Eaton,*  1884. 

34.  Edward  Atkinson,  1885. 

35.  Joseph  Cummings,*  1886. 
86.  H.  E.  Alvord.  1887. 

37.  Charles  W.  Smilet,  1888. 

38.  Charles  S.  Hill,  1889. 

39.  J.  Richards  Dodge,  1890. 

40.  Edmund  J.  James,  1891. 

41.  L.  F.  Ward,  1892,  in  place  of  8.  D. 

HORTON,*  resigned. 

42.  William  h.  Brewer,  1883. 
48.  Henrt  Farquhar,  1894. 

44.  B.  E.  Fernow,  1895. 

45.  W.  L.  Lazenbt,  1896. 

46.  b.  t.  colbdrn,  1897. 

47.  Archibald  Blue,  1898. 

48.  Marcus  Benjamin,  1899. 
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OFFICERS   OF   THE   MEETINGS   OF  THE   ASSOCIATION. 


SECRETARIES. 


General  Secretaries,  1848- 

1.  Walter  R.  Johnson,*  1848. 

2.  E.  N.  HORSFORD,*  1849,  in  ab- 

sence of  Jeffries  Wyman.* 
8.     L.  R.  Gibbs,  1860,  in  absence 

of  E.  C.  Hbrrick.* 
4.     E.  C.  Hbrrick,*  1850. 
6.    William  B.  Rogers,*  1851,  in 

absence  of  E.  C.  Herrick.* 

6.  William  B.  Rogers,*  1861. 

7.  S.  St.  John,*  1853,  in  absence 

of  J.  D.  Dana.* 

8.  J.  Lawrence  Smith,*  1854. 

9.  Wolcott  Gibbs,  1855. 

10.  B.  A.  Gould,*  1856. 

1 1 .  John  LeConte,*  1857. 

12.  W.  M.  Gillespie,*  1858,  In  ab- 

sence of  Wm.  Chauvenet.* 
18.    William  Chauvenkt,*  1859. 
14.    Joseph  LeContk,  1860. 
16.    EuASLooMis,*  1866,  In  the  ab- 
sence of  W.  P.  Trowbridge* 

16.  C.  S  Lyman,*  1867. 

17.  Simon     Newcomb,    1868,    in 

absence  of  A.  P.  Rockwell. 

18.  O.  C.  Marsh,  1869. 

19.  F.  W.    Putnam,   1870,   in  ab- 

sence of  C.  F.  Hartt.* 

20.  F.  W.  Putnam,  1871. 

21.  Edward  S.  Morse,  1872. 

22.  C.  A.  White,  1873. 
28.    A.  C.  Hamun,  1874. 

24.  S.  H.  SCUDDER,  1875. 

25.  T.  C.  Mendbnhall,  1876. 

26.  Aug.  R.  Grote,  1877. 

27.  H.  C.  Bolton,  1878. 

28.  H.  C.  Bolton,  1879,  in  the  ab- 

sence of  George  Little. 

29.  J.  K.  Rees,  1880. 

80.  C.  V.  Riley,*  1881. 

81.  William  Saunders,  1882. 

82.  J.  R.  Eastman,  1883. 
88.    Alfred  Springer,  1884. 
84.     C.  S.  MiNOT,  1885. 

35.  S.  G.  Williams,  1886. 

36.  William  U.  Pbttee,  1887. 
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37.  Julius  Pohlman,  1888. 

38.  C.  Leo  Mees,  1889. 

39.  H.  C.  Bolton,  1890. 

40.  H.  W.  Wiley,  1891. 

41.  A.  W.  Butler,  1892. 

42.  T.  H.  Norton,  1893. 

43.  H.  L.  Fairchild.  1894. 

44.  Jas.  Lewis  Howe,  1895. 

45.  Charles  R.Barnes,  1896. 

46.  Asaph  Hall,  jr.,  1897. 

47.  J.  McMahon,  1898,  in  place  of 

D.  S.  Kelucott,*  deceased. 

48.  F.  Bedell,  1899. 

Permanent  Secretaries^  1861- 
5-7.      Spencer  F.  B AIR d,*  186 r-4. 
8-17.    Joseph  LovERiNG,*  1854-68. 
18.     F.  W.  Putnam,  1869,  in  the 
absence  of  J.  Lovering.* 
19-21.  Joseph  LovKRiNG,*  1870-78. 
22-46.  F.  W.  Putnam,  1873-98. 
47-48.  L.  O.  Howard,  1898-99. 

Assistant  General  Secretaries, 

1882-1887. 

31.    J.  R.  EAfiTMAN,  1882. 

82.  A  LFRBD  Springer,  1888. 

83.  C.  S.  MlNOT,  1884,  In  absence  of  E.  S. 

HOLDEN. 

34.    S.  G.  Williams,  1885,  in  the  absence 

of  C.  C.  ABBOTT. 

36.    W.  H.  Pettee,  1886. 
36.     J.  C.  ARTHUR,  1887. 

Secretaries  of  the  Council,  1888- 

87.  C.  Leo  Mees,  1888. 

38.  H.  C.  Bolton,  1889. 

89.  H.  W.  Wiley,  1890. 

40.  A.  W.  Butler,  1891. 

41.  T.  H.  Norton,  1892. 

42.  H.  Lkroy  Fairchild,  1893. 

43.  Jas.  Lewis  Howe,  1894. 

44.  Charles  R.  Barnes,  1895. 

45.  Asaph  Hall,  jr.,  1896. 

46.  D.  S.  Kellicott,*  1897. 

47.  Frederick  Bedell,  1898. 

48.  Charles  Baskerville,  1899. 
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Secretaries  of  Section  A.-^MathemcU- 
ic$,  Physics  and  Chemistry,  1875-81. 


M. 

25. 
as. 

87. 
28. 
99. 
30. 


S4. 
9ft. 
96. 
97. 
98. 
90. 
80. 


(  S.  P.  Lakolbt,  1876. 


'  T.  C.  Mendbnhall,  1876. 
A.  W.  Wright,  1876. 
H.  C.  Bolton,  1877. 
F.  E.  NiPHEB,  1878. 
J.  K.  Rbes.  1879. 
H.  B.  MA80M,  1880. 
E.  T.  Tappak,  1881,  in  the  absence  of 
John  Tbowbridob. 

Secrbtaries  of  Subsections,  1875-81 


Secretaries  of  Section  B.—  Natural 
History,  1875-81. 

Edward  S.  Morbe,  1876. 
Albert  H.  Tdttle,  1876. 
William  H.  Dall,  1877. 
Oborob  Little,  1878. 
William  H.  Dall,  1879,  In  the  ab. 

eence  of  A.  C.  Wetherby. 
Charles  V.  Riley,*  1880. 
William  Saunders,  1881. 


24. 
96. 
26. 
97. 


Subsection  of  Chemistry. 

F.  W.  Clarkb,  1876. 
H.  C.  Bolton,  1876. 
P.  Schweitzer,  1877. 

A.  P.  8.  Stuart.  1878. 
W.  R.  Nichols,*  1879. 

C.  E.  MUNROB,  1880. 

ALFRED  Sprinobr,  1881,  in  the  ab- 
Bence  of  It.  B.  Warder. 

Subsection  of  Entomology. 

B.  P.  BlANN,  1881. 


Subsection  of  Anthropology- 

24.  F.  W.  PUTNAM,  1875. 

25.  Otis  T.  Mason,  1876. 

26, 27.    United  with  Section  B. 
28,20,80.    J.  Q.  UbndbrSON,  1879-81. 

Subsection  of  Microscopy. 

25.  E.  W.  MORLBY,  1876. 

26.  T.  O.  SOMMBRS,  JR.,  1877. 

27.  G.  J.  BnGBLMANN,  1878. 

28.  29.    A.  B.  HervET,  1879-1880. 

30.    W.  H.  Seaman,  1881,  In  the  absence 
ofS.P.  Sharplbs. 


Secrstaribs  of  the  Sections,  1882- 


81. 
82. 

83. 
84. 
85. 
86. 
87. 
88. 
89. 
40. 
41. 
42. 

48. 

44. 

45. 
46. 
47. 


48. 


Section  A.— Mathematics   and 
Astronomy. 

H.  T.  Eddy,  1882. 
G.  W.  Hough,  1888,  in  the  ab- 
sence of  W.  W.  Johnson. 
G.  W.  Hough,  1884. 

E.  W.  Hyde,  1885. 
S.  C.  Chanducr,  1886. 
H.  M.  Paul,  1887. 

C.  C.  DOOLITTLE,  1888. 
G.  C.  COMSTOCK,  1889. 
W.  W.  Beman,  1890. 

F.  H.  Bigelow,  1891. 
WiNSLOW  Upton,  1892. 
C.   A.  Waldo,   1898,    in   the 

absence  of  A.  W.  Phillips. 

J.  C.  Kebshnbr,  1894,  in  place 

of  W.  W.  Bebian,  resigned. 

Asaph  Hall,  jr.,  1895,  in  place 

of  £.  H.  Moore,  resigned. 
Edwin  B.  Frost,  1896. 
James  McMahon,  1897. 
WiNSLOW    Upton,    1898,    in 

place  of  Alexander  Ziwet, 

resigned. 
John  F.  Haypord,  1899. 


Section  B.— Physics. 

31.    C.  S.  Hastings.  1882. 

82.  F.  E.  Nipher,  1883,  in  the  ab- 
sence of  C.  K.  Wead. 

38.    N.  D.  C.  Hodges,  1884. 

34.  B.  F.  Thob£as,  1885,  in  place 
of  A.  A.  Michelson,  resigned. 

85.  H.  S.  Carhart,  1886. 

86.  C.  Leo  Mees,  1887. 

37.     Alex.  Macfarlanb,  1888. 

88.  E.  L.  Nichols,  1889. 

89.  E.  M.  Avery,  1890. 

40.  Alex.  Macfarlane,  1891. 

41.  Brown  Ayres,  1892. 

42.  W.  LbConte  Stevens,  1893. 

43.  B.  W.  Snow,  1894. 

44.  E.  Merritt,  1895. 

45.  Frank  P.  Whitman,  1896. 

46.  Frederick  Bedell,  1897. 

47.  W.  S.  Franklin,  1898,  in  place 

of  E.  B.  Rosa,  resigned. 

48.  WiLUAM  Hallock,  1899. 
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OFFICERS   OF  THB   MBETINQS   OP  THE   ASSOCIATION. 


SeCRBTAKIBS  OF  THE  SBCTIONS,   CONTmUBD. 


Section  C— Chemistry. 
31.  Alfred  Springeb,  1882. 
82      -[  '^'  ^'  Langley,  1888. 

I  W.  McMuRTRiB,  1883. 
83.     H.   Carmichael,  1884,  in  the 

absence  of  R.  B.  Warder. 

34.'  F.  P.  DXTNNINGTON,  1885. 

36.  W.  McMuRTRiK,  1886. 
86.  C.  S.  Mabert,  1887. 

37.  W.  L.  Dudley/  1888. 

88.  Edward  Hart,  1889. 

89.  W.  A.  NOYES,  1890. 

40.  T.  H.  NORTON,  1891. 

41.  Jas.  Lewis  Howe,  1892. 

42.  H.  N.  Stokes,  1893,  in  the  ab- 

sence of  J.  U.  Nef. 
48.    Morris  Loeb,  1894,  in   place 
of  S.  M.  Babcock,  resigned. 
44       r  W.  P.  Mason,  1895. 

I W.  O.  Atwatbr,  1895. 
46.    Frank  P.  Vbnable,  1896. 

46.  P.  C.  Freer,  1897. 

47.  C.  Baskkrville,  1898. 

48.  H.  A.  Wkbeu,''1899. 


Section  E,— Geology  and  Geography, 

31.  H.  S.  Williams,  1882,  in  the 

absence  of  C.  E.  Dutton. 

32.  A.  A.  JULIEN,  1883. 
38.    E.  A.  Smith,  1884. 

84.    G.  K.   Gilbert,   1885,  in  the 
absence  of  H.  C.  Lewis.* 

35.  E.  W.  Claypole,  1886. 

36.  W.  M.  Davis,  1887,  in  the  ab- 

sence of  T.  B.  COMSTOCK. 

37.  John  C.  Branner,  1888. 

38.  John  C.  Branner,  1889. 

39.  Samuel  Calvin,  1890. 

40.  WJMcGee,  1891. 

41.  R.  D.  Salisbury,  1892. 

42.  W.  H.  HOBBS,  1893,  in  place  of 

R.  T.  Hill,  resigned. 

43.  Jed.  Hotchkiss,  1894,  in  place 

of  W.  M.  Davis,  resigned. 

44.  J.  Pbrrin  Smith,  1895. 

45.  W.  N.  Rice,  1896,  in  place  of 

A.  C.  Gill,  resigned. 

46.  C.  H.  Smyth,  jr.,  1897. 

47.  Warren  Upham,  1898. 

48.  Arthur  Hollick,  1899. 


Section  D.— Mechanical  Science  and 
Engineering. 

81.  J.  Burkttt  Webb,  1882,  in  the 

absence  of  C.  R.  Dudley. 

82.  J.   Burkitt  Webb,   1883,  pro 

tempore. 

83.  J.  Burkitt  Webb,  1884. 

84.  C.  J.  H.  Woodbury,  1885. 

85.  William  Kent,  1886. 

86.  G.  M.  Bond,  1887. 

87.  Arthur  Beardsley,  1888. 

88.  W.  B.  Warner,  1889. 

39.  Thomas  Gray,  1890. 

40.  William  Kent,  1891. 

41.  O.  H.  Landreth,  1892. 

42.  D.  S.  Jacobus,  1893. 

43.  John  H.  Kinealy,  1894. 

44.  H.  S.  Jacoby,  1895. 

45.  John  Galbraith,  1896. 

46.  John  J.  Flather,  1897. 

47.  W.  S.  Aldrich,  1898. 

48.  J.  M.  Porter,  1899. 
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Section  F.^Biology,  1882-92. 

31.  William  Osleb,  1882,  in   the  ab- 

sence of  C.  S.  MiNOT. 

32.  S.  A.  Forbes,  1883. 

33.  C.  E.  BesSEY,  1884. 

84.    J.  A.  Lintner,  1886,  In  place  of  C. 

H.  Fernald,  resigned. 
36.    J.  C.  Arthur,  1886. 

36.  J.  H.  COMSTOCK.  1887. 

37.  B.  H.  Fernow,  1888. 

88.  A.  W.  Butler,  1889. 

89.  J.  M.  Coulter,  1890. 

40.  A.  J.Cook,  1891. 

41.  B.  D.  Halsted,  1892. 

Section  F.^Zodlogy. 

42.  L.  O.  Howard,  1888. 

48.  John  B.  Smith,  1884,  in  place  of 
Wm.  Libbt,  jr.,  resigned. 

44.  C.  W.  Hargitt,  1895,  in  place  of  S. 
A.  Forbes,  resigned. 

46.    D.  S.  KeLLICOTT,  1896. 

46.  C.  C.  Nutting,  1897. 

47.  R.  T.  Jackson,  1898,  in  place  of  C. 

W.  Stiles,  resigned. 

48.  F.W.  True,  1899. 
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Secretaries  of  the 
Section  Q.— Microscopy,  1882-86. 
81.   Robert  Brown,  jr.  1882. 
8S.    Carl  Seilbr,  1883. 

83.  RoMTK  Hitchcock,  1884. 

84.  W.  H.  WALMSLKr,  1885. 


42. 

48. 
44. 

45. 
46. 
47. 

48. 


81. 
82. 
.S8. 

84. 
85. 
86. 

87. 
SS. 
89. 
40. 
41. 

42. 
48. 

1. 
2. 
8. 

4. 
5. 

6-7. 


Section  O.— Botany. 
B.  T.  Galloway,  1893,  in  the 

absence  of  F.  V.  Coville. 
Charles  R.  Barnes,  1894. 

r  B.  T.  Galloway,  1896. 

I M.  B,  Waitk,  1895. 
George  F.  Atkinson,  1896. 
F.  C.  Newcombe,  1897. 
Erwin  F.  Smith,  1898. 
W.  A.  Kellerman,  1899. 


Section  H,— Anthropology. 

OtisT.  Mason,  1882. 

G.  H.  Perkins,  1883. 

G.  H.  Perkins,  1884,  in  the  ab- 
sence of  W.  H.  HOLBfES. 

Erminnie  a.  Smith,*  1885. 

A.  W.  Butler,  1886. 

Charles  C.  Abbott,  1887,  in 
absence  of  F.  W.  Langdon. 

Frank  Baker,  1888. 

W.  M.  Bkauchamp,  1889. 

Joseph  Jastrow,  1890. 

W.  H.  Holmes,  1891. 

W.  M.  Beauchamp,  1892,  in 
place  of  S.  CuuN,  resigned. 

Warren  K.MooREHE  AD,  1898. 

A.  F.  Chabiberun,  1894. 


44. 

46. 
46. 

47. 

48. 


Sections,  continued. 

'Stewart    Cuun    and    W. 
W.  TooKBR,  1896,  in  place 
of  Anita  N.  McGee,  re- 
signed. 
G.  H.  Perkins,  1896,  in  place 
of  J.  G.  BouRKE,*  deceased. 
Anita  N.  McGeb,  1897,  in  place 
of  Harlan  I.  Smith,  resigned. 
Marshall  H.  Saviixe,  1898. 
Georgk  a.  Dorsey,  1899. 


31. 

82. 
83. 
84. 

85. 
36. 
37. 
88. 
39. 
40. 
41. 


42. 
43. 
44. 

45. 
46. 
47. 

48. 


Section  I. —  Social  and  Economic 
Science. 

r  Frankun  B.  Hough,*  1882. 
\  J.  Richards  Dodge,  1882. 
Joseph  Cummings,*  1888. 
Charles  W.  Smiley,  1884. 
Charlks  W.  Smiley,  1885,  in 

absence  of  J.  W.  Chickering. 
H.  E.  Alvord,  1886. 
W.  R.  Lazbnby,  1887. 
Charles  S.  IIiix,  1888. 
J.  Richards  Dodge,  1889. 
B.  E.  Fernow,  1890. 
B.  E.  Fernow,  1891. 
Henry  Farquhar,    1892,    in 

place  of  L.  F.   Ward  made 

Vice-president. 
Nellie  S.  Kedzie,  1893. 
Manley  Miles,  1894. 
W.  R.  Lazenby,  1895,  in  place 

of  £.  A.  Ross,  resigned. 

R.  T.  COLBURN,  1896. 

Archibald  Blue,  1897. 
Marcus  Benjamin,  1898. 
Calvin  M.  Woodward,  1899. 


TREASURERS. 


Jeffries  Wyman,*  1848.         8. 

A.  L.  Blwyn,*  1849. 

St.  J.  Ravenel,*  1850,  in  the   9-19. 

absence  of  A.  L.  Elwyn.*     20-30. 
A.  L.  Blwyn,*  1850. 
Spencer  F.  Baird,*  1851,  in   82-42. 

absence  of  A.  L.  Elwyn.*     43-47. 

A.  L.  Blwyn,'  1851-.1868. 


J.  L.  LeContb,*  1854,  in  ab- 
sence of  A.  L.  Elwyn.* 

A.  L.  Elwyn,*  1855-1870. 

William  S.  Vaux,*  1871- 
1881. 

William  Lilly,*  1882-1 898. 

R.  S.  Woodward,  1894-99. 
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COMMONWEALTH  OP  MASSACHUSETTS. 


IN  THE  YEAR  ONE  THOUSAND  EIGHT  HUNDRED  AND  SEYENTY-PODR. 


AN  ACT 

To  Incorporate  the  ^^  American  Association  fob  the 

Advancement  of  Science." 

Be  it  enact(>d  by  the  Senate  and  House  of  Bepresentatives,  in  General  Court 
aaaembledf  and  by  the  authority  of  the  samet  as  follows: 

Skction  1.  Jo<teph  Henry  of  Washington,  Benjamin  Pierce  of  Cam- 
bridge, James  D.  Dana  of  New  Haven,  James  Hall  of  Albany,  Alexis 
Caswell  of  Providence,  Stephen  Alexander  of  Princeton,  Isaac  Lea  of 
Philadelphia,  F.  A.  P.  Barnard  of  New  York,  John  S.  Newberry  of  Cleve- 
land, B.  A.  Oould  of  Cambridge,  T.  Sterry  Hunt  of  Boston,  Asa  Gray  of 
Cambridge,  J.  Lawrence  Smith  of  Louisville,  Joseph  Lovering  of  Cam- 
bridge and  John  LeConte  of  Philadelphia,  their  associates,  the  officers 
and  members  of  the  Association,  known  as  the  **  American  Association 
for  the  Advancement  of  Science,"  and  their  successors,  are  hereby  made 
a  corporation  by  the  name  of  the  **  American  Association  for  the  Ad- 
vancement of  Science,"  for  the  purpose  of  receiving,  purchasing,  hold- 
ing and  conveying  real  and  personal  property,  which  it  now  Is,  or  hereafter 
may  be,  possessed  of,  with  all  the  powers  and  privileges,  and  subject 
to  the  restrictions,  duties  and  liabilities  set  forth  in  the  general  laws 
which  now  or  hereafter  may  be  in  force  and  applicable  to  such  corpo- 
rations. 

Skction  2.  Said  corporation  may  have  and  hold  by  purchase,  grant, 
gift  or  otherwise,  real  estate  not  exceeding  one  hundred  thousand  dol- 
lars in  value,  and  personal  estate  of  the  value  of  two  hundred  and  fifty 
thousand  dollars. 

Section  3.  Any  two  of  the  corporators  above  named  are  hereby 
authorized  to  call  the  first  meeting  of  the  said  corporation  in  the  month 
of  August  next  ensuing,  by  notice  thereof  **by  mall,"  to  each  member  of 
the  said  Association. 

Section  4.    This  act  shall  take  efiiect  upon  Its  passage. 

House  of  Representatives,  March  10,  1874. 
Passed  to  be  enacted, 

John  E.  San  ford.  Speaker 
In  Senate,  March  17,  1874. 

Passed  to  be  enacted.  March  19,  1874. 

Geo.  B.  Lorino,  President,  Approved, 

W.  B.  Washburn. 
Secretary's  Department, 
Boston,  April  8, 1874. 

A  true  copy.  Attest : 

David  Pulsifer, 
Deputy  Secretary  of  the  Commonwealth. 
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CONSTITUTION 

OF  THE 

AMERICAN  ASSOCIATION  FOR  THE  ADYANCEMENT  OF 

SCIENCE. 

Incorporated  by  Act  of  the  General  Court  of  the  Commonwealth  of  MasaachaBetta , 


Objects. 


Article  I.  The  objects  of  the  Association  are,  by  periodical  and  mi- 
gratory meetings,  to  promote  intercourse  between  those  who  are  culti- 
vating science  in  different  parts  of  America,  to  give  a  stronger  and  more 
general  impulse  and  more  systematic  direction  to  scientific  research,  and 
to  procure  for  the  labors  of  scientific  men  increased  facilities  and  a 
wider  usefulness. 

Members,  Fellows,  Patrons  and  Honorary  Fellows. 
Art.  2.    The  Association  shall  consist  of  Members,  Fellows,  Patrons, 
Corresponding  Members  and  Honorary  Fellows. 

Art.  3.  Any  person  may  become  a  Member  of  the  Association  upon 
recommendation  in  writing  by  two  members  or  fellows,  and  election  by 
the  Council.  Any  incorporated  scientific  society  or  institution,  or  any 
public  or  incorporated  library,  may  be  enrolled  as  a  member  of  the 
Association  by  vote  of  the  Council  by  payment  of  the  initiation  fee; 
such  society,  institution  or  library  may  be  represented  by  either  the 
President,  Curator,  Director  or  Librarian  presenting  proper  credentials 
at  any  meeting  of  the  Association  for  which  the  assessment  has  been 
paid. 

Art.  4.  Fellows  shall  be  elected  by  the  Council  from  such  of  the 
members  as  are  professionally  engaged  in  science,  or  have  by  their  labors 
aided  in  advancing  science.  The  election  of  fellows  shall  be  by  ballot 
and  a  majority  vote  of  the  members  of  the  Council  at  a  designated 
meeting  of  the  Council. 

Art.  5.  Any  person  paying  to  the  Association  the  sum  of  one  thou- 
sand dollars  shall  be  classed  as  a  Patron,  and  shaU  be  entitled  to  all  the 
privileges  of  a  member  and  to  all  its  publications. 
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Art.  6.  Honorary  Fellows  of  the  Association,  not  exceeding  three 
for  each  section,  may  be  elected ;  the  nominations  to  be  made  by  the 
Conncil  and  approved  by  ballot  in  the  respective  sections  before  election 
by  ballot  in  General  Session.  Honorary  Fellows  shall  be  entitled  to  all 
the  privileges  of  Fellows  and  shall  be  exempt  from  all  fees  and  assess- 
ments, and  entitled  to  all  publications  of  the  Association  issued  after  the 
date  of  their  election.  Corresponding  Members  shall  consist  of  such, 
scientists  not  residing  in  America  as  may  be  elected  by  the  Conncil,  and 
their  number  shall  be  limited  to  fifty.  Corresponding  Members  shall  be 
entitled  to  all  the  privileges  of  members  and  to  the  annual  volumes  of 
Proceedings  published  subsequent  to  their  election. 

Art.  7.  The  name  of  any  member  or  fellow  two  years  in  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  the  Association,  provided 
that  two  notices  of  indebtedness,  at  an  interval  of  at  least  three  months, 
shall  have  been  given ;  and  no  such  person  shall  be  restored  until  he  has 
paid  his  arrearages  or  has  been  reelected.  The  Council  shall  have  pow- 
er to  exclude  from  the  Association  any  member  or  fellow,  on  satisfac- 
tory evidence  that  said  member  or  fellow  is  an  improper  person  to  be 
connected  with  the  Association,  or  has  in  the  estimation  of  the  Council 
made  improper  use  of  his  membership  or  fellowship. 

Art.  8.  No  member  or  fellow  shall  take  part  in  the  organization  of, 
or  hold  office  in,  more  than  one  section  at  any  one  meeting. 

Officers. 
Art.  9.  The  officers  of  the  Association  shall  be  elected  by  ballot  by  the 
Nominating  Committee  from  the  fellows,  and  shall  consist  of  a  President, 
a  Vice  President  from  each  section,  a  Permanent  Secretary,  a  General  Sec- 
retary, a  Secretary  of  the  Council,  a  Treasurer,  and  a  Secretary  of  each 
Section ;  these,  with  the  exception  of  the  Permanent  Secretary,  shall  be 
elected  at  each  meeting  for  the  following  one  and,  with  the  exception  of 
the  Treasurer  and  the  Permanent  Secretary,  shall  not  be  reSligible  for 
the  next  two  meetings.  The  term  of  office  of  Permanent  Secretary 
shall  be  five  years. 

Art.  10.  The  President,  or,  in  his  absence,  the  senior  Vice  President 
present,  shall  preside  at  all  General  Sessions  of  the  Association  and  at 
all  meetings  of  the  Council.  It  shall  also  be  the  duty  of  the  President 
to  give  an  address  at  a  General  Session  of  the  Association  at  the  meet- 
ing following  that  over  which  he  presided. 

Art.  11.    The  Vice  Presidents  shall  be  chairmen  of  their  respective 
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Sections*  and  of  their  Sectional  Committees,  and  it  shall  be  part  of  their 
duty  to  giye  an  address,  each  before  his  own  section,  at  such  time  as  the 
council  shall  determine.  The  Vice  Presidents  may  appoint  temporary 
Chairmen  to  preside  oyer  the  sessions  of  their  sections,  but  shall  not 
delegate  their  other  duties.  The  Vice  Presidents  shall  hare  seniority  in 
order  of  their  continuous  membership  in  the  Association. 

Art.  12.  The  General  Secretary  shall  be  the  Secretary  of  all  General 
Sessions  of  the  Association,  and  shall  keep  a  record  of  the  business  of 
these  sessions.  He  shall  receive  the  records  from  the  Secretaries  of 
the  Sections,  which,  after  examination,  he  shall  transmit  with  his  own 
records  to  the  Permanent  Secretary  within  two  weeks  after  the  adjourn- 
ment of  the  meeting. 

Art.  18.  The  Secretary  of  the  Council  shall  keep  the  records  of  the 
Council.  He  shall  give  to  the  Secretary  of  each  Section  the  titles  of 
papers  assigned  to  it  by  the  Council.  He  shall  receive  proposals  for 
membership  and  bring  them  before  the  Council. 

Art.  14.  The  Permanent  Secretary  shall  be  the  executive  officer  of 
the  Association  under  the  direction  of  the  Council.  He  shall  attend  to 
all  business  not  specially  referred  to  committees  nor  otherwise  constitu- 
tionally provided  for.  He  shall  keep  an  account  of  all  business  that  he 
has  transacted  for  the  Association,  and  make  annually  a  general  report 
for  publication  in  the  annual  volume  of  Proceedings.  He  shall  attend  to 
the  printing  and  distribution  of  the  annual  volume  of  Proceedings,  and 
all  other  printing  ordered  by  the  Association.  He  shall  issue  a  circular 
of  information  to  members  and  fellows  at  least  three  months  before 
each  meeting,  and  shall,  in  connection  with  the  Local  Committee,  make 
all  necessary  arrangements  for  the  meetings  of  the  Association.  He 
shall  provide  the  Secretaries  of  the  Association  with  such  books  and  sta- 
tionery as  may  be  required  for  their  records  and  business,  and  shall  pro- 
vide members  and  fellows  with  such  blank  forms  as  may  be  required  for 
facilitating  the  business  of  the  Association.  He  shall  collect  all  assess- 
ments and  admission  fees,  and  notify  members  and  fellows  of  their 
election,  and  of  any  arrearages.  He  shall  receive,  and  bring  before  the 
Council,  the  titles  and  abstracts  of  papers  proposed  to  be  read  before  the 
Association.  He  shall  keep  an  account  of  all  receipts  and  expenditures 
of  the  Association,  and  report  the  same  annually  at  the  first  meeting  of 
the  Council,  and  shall  pay  over  to  the  Treasurer  stich  unexpended  funds 
as  the  Council  may  direct.    He  shall  receive  and  hold  in  trust  for  the 
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Association  all  books,  pamphlets  andmannscripts  belonging  to  the  Associ- 
ation, and  allow  the  use  of  the  same  under  the  provisions  of  the  Oonstltation 
and  the  orders  of  the  Council.  He  shall  receive  all  communications  ad- 
dressed to  the  Association  during  the  intervals  between  meetings,  and 
properly  attend  to  the  same.  He  shall  at  each  meeting  report  the  names 
of  fellows  and  members  who  have  died  since  the  preceding  meeting. 
He  shall  be  allowed  a  salary  which  shall  be  determined  by  the  Council,  and 
may  employ  one  or  more  clerks  at  such  compensation  as  may  be  agreed 
upon  by  the  Council. 

Art.  16.  The  Treasurer  shall  invest  the  funds  received  by  him  in  such 
securities  as  may  be  directed  by  the  Council.  He  shall  annually  present 
to  the  Council  an  account  of  the  funds  in  his  charge.  No  expenditure  of 
the  principal  in  the  hands  of  the  Treasurer  shall  be  made  without  a  unan- 
imous vote  of  the  Council,  and  no  expenditure  of  the  income  received 
by  the  Treasurer  shall  be  made  without  a  two-thirds  vote  of  the  CoonciL 
The  Treasurer  shall  give  bonds  for  the  faithful  performance  of  his  duty 
in  such  manner  and  sum  as  the  Council  shall  from  time  to  time  direct. 

Art.  16.  The  Secretaries  of  the  Sections  shall  keep  the  records  of 
their  respective  sections,  and,  at  the  close  of  the  meeting,  give  the  same, 
including  the  records  of  subsections,  to  the  General  Secretary.  They 
shall  also  be  the  Secretaries  of  the  Sectional  Committees.  The  Secre- 
taries shall  have  seniority  in  order  of  their  continuous  membership  in 
the  Association. 

Art.  17.  In  case  of  a  vacancy  in  the  office  of  the  President,  one  of 
the  Vice  Presidents  shall  be  elected  by  the  Council  as  the  President  of  the 
meeting.  Vacancies  in  the  offices  of  Vice  President,  Permanent  Secre- 
tary, Greneral  Secretary,  Secretary  of  the  Council,  and  Treasurer,  shall 
be  filled  by  the  Council  by  ballot.  A  vacancy  in  the  office  of  Secretary  of 
a  Section  shall  be  filled  by  nomination  and  election  by  ballot  in  the 
Section. 

Art.  18.  The  Council  shall  consist  of  the  past  Presidents,  and  the  Vice 
Presidents  of  the  last  meeting,  together  with  the  President,  the  Vice  Pres- 
idents, the  Permanent  Secretary,  the  General  Secretary,  the  Secretary  of 
the  Council,  the  Secretaries  of  the  Sections,  and  the  Treashrer  of  the  cur- 
rent meeting,  with  the  addition  of  one  fellow  elected  flroro  each  Section 
by  ballot  on  the  first  day  of  its  meeting.  The  members  present  at  any 
regularly  called  meeting  of  the  Coancil,  provided  there  are  at  least  five, 
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shall  form  a  quorum  for  the  transaction  of  business.  The  Council  shall 
meet  on  the  day  preceding  each  annual  meeting  of  the  Association,  and  ar- 
range the  programme  for  the  first  day  of  the  sessions.  The  time  and  place 
of  this  first  meeting  shall  be  designated  by  the  Permanent  Secretary. 
Unless  otherwise  agreed  upon,  regular  meetings  of  the  Council  shall  be 
held  in  the  Council  room  at 9  o'clock,  a.m.,  on  each  day  of  the  meeting  of 
the  Association.  Special  meetings  of  the  Council  may  be  called  at  any  time 
by  the  President.  The  Council  shall  be  the  board  of  supervision  of  the 
Association,  and  no  business  shall  be  transacted  by  the  Association  that 
has  not  first  been  referred  to,  or  originated  with,  the  Council.  The 
Council  shall  receive  and  assign  papers  to  the  respective  sections ;  ex- 
amine and,  if  necessary,  exclude  papers ;  decide  which  papers,  discus- 
sions and  other  proceedings  shall  be  published,  and  have  the  general 
direction  of  the  publications  of  the  Association;  manage  the  financial 
affairs  of  the  Association;  arrange  the  business  and  programmes  for 
General  Sessions ;  suggest  subjects  for  discussion,  investigation  or  re- 
ports ;  elect  menabers  and  fellows ;  and  receive  and  act  upon  all  invita- 
tions extended  to  the  Association  and  report  the  same  at  a  General  Ses- 
sion of  the  Association.  The  Council  shall  receive  all  reports  of  Special 
Committees  and  decide  upon  them,  and  only  such  shall  be  read  In  General 
Session  as  the  Council  shall  direct.  The  Council  shall  appoint  at  each 
meeting  the  following  sub- committees  who  shall  act,  subject  to  appeal  to 
the  whole  Council,  until  their  successors  are  appointed  at  the  following 
meeting:  1,  on  Papers  and  Reports;  2,  on  Members;  8,  on  Fellows. 

Art.  19.  The  Nominating  Committee  shall  consist  of  the  Council,  and 
one  member  or  fellow  elected  by  each  of  the  Sections.  It  shall  be  the 
duty  of  this  Committee  to  meet  at  the  call  of  the  President  and  elect 
the  general  officers  for  the  following  meeting  of  the  Association.  It  shall 
also  be  the  duty  of  this  Committee  to  fix  the  time  and  place  for  the  next 
meeting.  The  Vice  President  and  Secretary  of  each  Section  shall  be 
recommended  to  the  Nominating  Committee  by  a  sub-conmilttee  consist- 
ing of  the  Vice  President,  Secretary,  and  three  members  or  fellows 
elected  by  the  Section. 

Mektings. 
Art.  20.  The  Association  shall  hold  a  public  meeting  annually,  for  one 
week  or  longer,  at  such  time  and  place  as  may  be  determined  by  vote  of 
the  Nominating  Committee,  and  the  preliminary  arrangements  for  each 
meeting  shall  be  made  by  the  Local  Committee,  in  conjunction  with  the 
Permanent  Secretary  and  such  other  persons  as  the  Council  may  designate. 
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Art.  21.  A  General  Session  shall  be  held  at  10  o'clock,  a.  m.,  on  the 
first  day  of  the  meeting,  and  at  such  other  times  as  the  Council  may  di- 
rect. 

Sections  and  Subsections. 

Art.  22.  The  Association  shall  be  divided  into  Sections,  namely :— A, 
Mathematics  and  Astronomy;  B,  Physics;  C,  Chemistry ,  including  its  ap- 
plication to  agriculture  and  the  arts;  D,  Mechanical  Science  and  Engineer- 
ing ;  B,  Geology  and  Geography;  F,  Zo'ology ;  G,  Botany;  H,  Anthropology; 
I,  Social  and  Economic  Science,  The  Council  shall  have  power  to  consol- 
idate any  two  or  more  Sections  temporarily,  and  such  consolidated  Sec- 
tions shall  be  presided  over  by  the  senior  Vice  President  and  Secretary 
of  the  Sections  comprising  it. 

Art.  28.  Immediately  on  the  organization  of  a  Section  there  shall  be 
three  fellows  elected  by  ballot  after  open  nomination,  who,  with  the  Vice 
President  and  Secretary  and  the  Vice  President  and  Secretary  of  the  pre- 
ceding meeting  shall  form  Its  Sectional  Committee.  The  Sectional  Com- 
mittees shall  have  power  to  fill  vacancies  in  their  own  numbers.  Meetings 
of  the  Sections  shall  not  be  held  at  the  same  time  with  a  General  Session. 

Art.  24.  The  Sectional  Committee  of  any  Section  may  at  its  pleasure 
form  one  or  more  temporary  Subsections,  and  may  designate  the  officers 
thereof.  The  Secretary  of  a  Subsection  shall,  at  the  close  of  the  meeting, 
transmit  his  records  to  the  Secretary  of  the  Section. 

Art.  25.  A  paper  shall  not  be  read  in  any  Section  or  Subsection  until 
it  has  been  received  from  the  Council  and  placed  on  the  programme  of  the 
day  by  the  Sectional  Committee. 

Sectional  Cobimittees. 

Art.  26.  The  Sectional  Committees  shall  arrange  and  direct  the  busi- 
ness of  their  respective  Sections.  They  shall  prepare  the  daily  programmes 
and  give  them  to  the  Permanent  Secretary  for  printing  at  the  earliest 
moment  practicable.  No  titles  of  papers  shall  be  entered  on  the  daily  pro- 
grammes except  such  as  have  passed  the  Council.  No  change  shall  be 
made  in  the  programme  for  the  day  in  a  Section  without  the  consent  of 
the  Sectional  Committee.  The  Sectional  Committees  may  refuse.to'place 
the  title  of  any  paper  on  the  programme;  but  every  such  title,  with  the 
abstract  of  the  paper  or  the  paper  itself,  must  be  returned  to  the  Council 
with  the  reasons  why  it  was  refused. 

Art.  27.  The  Sectional  Committees  shall  examine  all  papers]and  ab- 
stracts referred  to  the  Sections,  and  they  shall  not  place  on  the  programme 
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any  paper  inconsistent  with  the  character  of  the  Association;  and  to  this 
end  they  have  power  to  call  for  any  paper,  the  character  of  which  may 
not  be  sufficiently  understood  from  the  abstract  submitted. 

Paprrs  and  Communications. 

Art.  28.  All  members  and  fellows  must  forward  to  the  Permanent 
Secretary,  as  early  as  possible,  and  when  practicable  before  the  conven- 
ing of  the  Association,  full  titles  of  all  the  papers  which  they  propose  to 
present  during  the  meeting,  with  a  statement  of  the  time  that  each  will 
occupy  in  delivery,  and  also  such  abstracts  of  their  contents  as  will  give 
a  general  idea  of  their  nature ;  and  no  title  shall  be  referred  by  the  Coun- 
cil to  the  Sectional  Committee  until  an  abstract  of  the  paper  or  the  paper 
itself  has  been  received. 

Abt.  29.  If  the  author  of  any  paper  be  not  ready  at  the  time  assigned, 
the  title  may  be  dropped  to  the  bottom  of  the  list. 

Art.  30.  Whenever  practicable,  the  proceedings  and  discussions  at 
General  Sessions,  Sections  and  Subsections  shall  be  reported  by  profes- 
sional reporters,  but  such  reports  shall  not  appear  in  print  as  the  official 
reports  of  the  Association  unless  revised  by  the  Secretaries. 

Printed  Procbedings. 
Art.  31.  The  Permanent  Secretary  shall  have  the  Proceedings  of  each 
meeting  printed  in  an  octavo  volume  as  soon  after  the  meeting  as  possible, 
beginning  one  month  after  adjournment.  Authors  must  prepare  their 
papers  or  abstracts  ready  for  the  press,  and  these  must  be  in  the  hands  of 
the  Secretaries  of  the  Sections  before  the  final  adjournment  of  the  meet- 
ing, otherwise  only  the  titles  will  appear  in  the  p tinted  volume.  The 
Council  shall  have  power  to  order  the  printing  of  any  paper  by  abstract 
or  title  only.  Whenever  practicable,  proofs  shall  be  forwarded  to  authors 
for  revision.  If  any  additions  or  substantial  alterations  are  made  by  the 
author  of  a  paper  after  its  submission  to  the  Secretaary,  the  same  shall  be 
distinctly  indicated.  Illustrations  must  be  provided  for  by  the  authors  of 
the  papers,  or  by  a  special  appropriation  from  the  Council.  Immediately 
on  publication  of  the  volume,  a  copy  shall  be  forwarded  to  every  member 
and  fellow  of  the  Association  who  shall  have  paid  the  assessment  for  the 
meeting  to  which  it  relates,  and  it  shall  also  be  offered  for  sale  by  the 
Permanent  Secretary  at  such  price  as  may  be  determined  by  the  Council. 
The  Council  shall  also  designate  the  institutions  to  which  copies  shall  be 
distributed. 
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Local  Combotteb. 
Art.  82.  The  Local  Committee  shall  consist  of  persons  interested  in 
the  objects  of  the  Association  and  residing  at  or  near  the  place  of  the  pro- 
posed  meeting.  It  is  expected  that  the  Local  Committee,  assisted  by  the 
officers  of  the  Association,  will  make  all  essential  arrangements  for  the 
meeting,  and  issue  a  circular  giving  necessary  particulars,  at  least  one 
month  before  the  meeting. 

Library  of  the  Association. 
Art.  33.  All  books  and  pamphlets  received  by  the  Association  shall  be 
in  the  charge  of  the  Permanent  Secretary,  who  shall  have  a  Ust  of  the 
same  printed  and  shall  furnish  a  copy  to  any  member  or  fellow  on  appli- 
cation. Members  and  fellows  who  have  paid  their  assessments  in  full 
shall  be  allowed  to  call  for  books  and  pamphlets,  which  shall  be  delivered 
to  them  at  their  expense,  on  their  giving  a  receipt  agreeing  to  make  good 
any  loss  or  damage  and  to  return  the  same  free  of  expense  to  the  Secre- 
tary at  the  time  specified  in  the  receipt  given.  All  books  and  pamphlets 
in  circulation  must  be  returned  at  each  meeting.  Not  more  than  five  books, 
including  volumes,  parts  of  volumes,  and  pamphlets,  shall  be  held  at  one 
time  by  any  member  or  fellow.  Any  book  may  be  vdthheld  from  circula- 
tion by  order  of  the  Council.  [The  Library  of  the  Association  was,  by 
vote  of  the  Council  in  1896,  placed  on  deposit  in  the  Library  of  the  Uni- 
versity of  Cincinnati,  Ohio.  Members  can  obtain  the  use  of  books  by 
writing  to  the  Librarian  of  the  University  Library,  Cincinnati,  Ohio.] 

Admission  Fee  and  Assessments. 
Art.  34.    The  admission  fee  for  members  shall  be  five  dollars  in  addi- 
tion to  the  annual  assessment.  On  the  election  of  any  member  as  a  fellow 
an  additional  fee  of  two  dollars  shall  be  paid. 

Art.  35.  The  annual  assessment  for  members  and  fellows  shall  be  three 
dollars. 

Art.  36.  Any  member  or  fellow  who  shall  pay  the  sum  of  fifty  dollars 
to  the  Association,  at  any  one  time,  shall  become  a  Life  Member,  and  as 
such,  shall  be  exempt  from  all  further  assessments,  and  shall  be  entitled 
to  the  Proceedings  of  the  Association.  All  money  thus  received  shall  be 
invested  as  a  permanent  fund,  the  income  of  which,  during  the  life  of 
the  member,  shall  form  a  part  of  the  general  fund  of  the  Association ;  but, 
after  his  death,  shall  be  used  only  to  assist  in  original  research,  unless 
otherwise  directed  by  unanimous  vote  of  the  Council. 
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Art.  87.    All  fees  and  assessments  must  be  paid  to  tlie  Permanent 
Secretary,  who  shall  give  proper  receipts  for  the  same. 

Accounts. 
Art.  38.    The  accounts  of  the  Permanent  Secretary  and  of  the  Treas- 
urer shall  be  audited  annually,  by  Auditors  appointed  by  the  Council. 

Alterations  of  the  Constitution. 
Art.  89.    No  part  of  this  Constitution  shall  be  amended  or  annulled, 
without  the  concurrence  of  three-fourths  of  the  members  and  fellows 
present  in  General  Session,  after  notice  given  at  a  General  Session  of  a 
preceding  meeting  of  the  Association. 
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AMERICAN     ASSOCIATION 

FOR  THE 

ADVANCEMENT  OF  SCIENCES 
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Lilly,  Grn.  William,  Mauch  Chunk,  Pa.  (28).    (Died  Dec.  1, 1893.) 

EteRRMAN,  Mrs.  Esthkr,  69  West  66th  St.,  New  York,  N.  Y.  (29). 

COBBESFONDING   MEMBEBS.' 
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Adams,  Comfort  A.,  Harvard  University,  Cambridge,  Mass.  (47). 
Adams,  C.  E.,  M.D.,  29  West  Broadway,  Bangor,  Me.    (43).    P 

1  The  numbers  in  parentheses  indicate  the  meeting  at  which  the  member  was  elected. 
The  black  letters  at  the  end  of  line  indicate  the  sections  to  which  members  elect  to  be- 
long. The  Constitution  reqnii*e8  that  the  names  of  all  members  two  or  more  years  in 
arrears  shall  be  omitted  flrom  the  list,  but  their  names  will  be  restored  on  payment  of 
arrearages.  Memliers  not  in  an*ears  are  entitled  to  the  annual  volume  of  Proceedings 
bound  in  paper.  The  payment  cf  ten  dollars  at  one  time  entitles  a  member  to  ike  subee- 
qufnt  volumei  io  which  he  mag  be  entUledj  bound  in  cloth,  or  by  the  payment  of  twenty 
doUarif  to  tuch  volumes  bound  in  half  morocco. 

*  Persons  contributing  one  thousand  dollars  or  more  to  the  Association  are  classed 
as  Patrons,  and  are  entitled  to  the  privileges  of  members  and  to  the  publications. 

The  names  of  Patrons  are  to  remain  permanently  on  the  list. 

•  See  Article  vi  of  the  Constitution. 

*  Any  Member  or  Fellow  may  become  a  Life  Meml>er  by  the  payment  of  fifty  dollars. 
The  income  of  the  money  derived  fVom  a  Life  Membership  is  used  for  the  general  pur- 
poses of  the  Association  during  the  life  of  the  member;  afterwards  it  is  to  be  used  to 
aid  iu  original  research.  LifB  Members  are  exempt  from  the  annual  assessment,  and 
are  entitled  to  the  annual  volume.  The  names  of  Life  Members  are  printed  in  small 
capitals  in  the  regular  list  of  Members  and  Fellows. 
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Tyler,  Dr.  Harry  Walter,  491  Boylston  St.,  Boston,  Mass.     (47).    A 

Vail,  Prof.  Hugh  D.,  Santa  Barbara,  Cal.  (18). 
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(44).  E 
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Wells,  William  H.,  jr.,  Lockport,  N.  Y.  (39).  E 
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N.  Y.  (47). A 
Whitney,  Willis  Rodney,  29  Falrmount,  Jamestown,  N.  Y.  (46)  0 
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Wilcox,  Miss  Emily  T.,  Merlden,  Conn.  (83).    B  A 
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[M2  Patrons,  Corrbsponding  Members  and  Members.] 

Note.— The  omlBSion  of  an  address  in  the  foregoing  list  indicates  that  letters 
mailed  to  that  last  printed  were  returned  as  uncalled  for.  Information  of  the  present 
address  of  the  members  so  Indicated  is  requested  by  the  Permanent  Secretary. 
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STJBVIVINQ  FOUNDEBS. 

[At  the  Brooklyn  Meeting,  1894,  a  resolution  was  unanimously  adopted 
by  which  all  surviving  founders  of  the  Association  who  have  maintained 
an  interest  in  science  were  made  Honorary  Life  Members  of  the  Associa- 
tion in  recognition  of  their  pioneer  work  in  American  Science] 

Abbot,  Samuel  L.,  Boston,  Mass. 
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HONOBABY  FBLLOWS.' 

RoasRS,  Pbof.  Wiluam  B.,  Boston,  Mass.  (1).    1881.  (^orn  Dec.  7, 1804. 

Died  May  80,  1882.)    B  B 
Chevreul,  Michel  EuoiiNB,  Paris,  France  (85).    1886.    (Bom  Aug.  81, 

1786.    Died.  April  9,  1889.)    C 
Gknth,  Dr.  p.  a.,  8987  Locust  St.,  Philadelphia,  Pa.  (24).    1888.    (Born 
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Sept  27,  1824.     Died  Nov.  26,  1896.)    A  B 
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GiBBS,  Prof.  Wolcott,  Newport,  R.  L  (1).  1896.    CB 

FELLOWS.' 
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Alwood,  Prof.  Wm.  B.,  Agricultural  and  Mechanical  College  and  Experi- 
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Anthony,  Prof.  Wm.  A.,  Cooper  Union,  New  York,  N.  Y.  (28).  1880.  B 
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Atwater,  Prof.  W.  O.,  Wesleyan  University,  Middletown,  Conn.  (29). 
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Atwell,  Charles  B.,  1938  Sherman  Ave.,  Evanston,  111.  (36).     1890.  0 
Aaohincloss,  Wm.  S.,  Bryn  Mawr,  Pa.  (29).  1886.  DA 
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1 8ee  ABTIOLB  VI  of  the  Constitution.    •  See  Article  IV  of  the  Constitution. 

*«*  The  number  in  parenthesis  indicates  the  meeting  at  which  the  member  Joined 
the  AssociaUou ;  the  date  following  is  the  year  when  made  a  Fellow ;  the  black  letters 
at  end  of  line  are  those  of  the  sections  to  which  the  Fellow  belongs. 

When  the  name  Is  given  hi  small  capitals,  it  designi^a  that  the  FeUow  is  also  a 
LifeiMember. 
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Bailey,  E.  H.  S.,  Lawrence,  Douglas  Co.,  Kan.  (25).    1889.  C  B 
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Barnum,  Miss  Charlotte  C,  I'h.D.,  144  Humphrey  St.,  New  Haven,  Conn. 

(36).  1896.    A 
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Barus,  Carl,  Ph.D.,  Wilson  Hall,  Brown  University,  Providence,  R.  I. 

(33).  1887.     E 
Bascom,  Miss  Florence,  Bryn  Mawr  College,  Bryn  Mawr,  Pa.  (42). 
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Beauchamp,  Rev.  Wm.  M.,  Baldwinsville,  N.  Y.  (34).     1886.    H 
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Bell,  Alex.  Melville,  1525  35th  St.,  Washington,  D.  C.  (31).     1885.  H 
Bell,  Robert,  M.D.,  Ass't  Director  Geological  Survey,  Ottawa,  Ontario, 

Can.    (38).     1889.  E  P 
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Springer,  Dr.  Alfired,  Box  621,  Cincinnati,  Ohio  (24).     1880.  C 
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Warren,  Dr.  Joseph  W.,  Bryn  Mawr  Coll.,  Bryn  Mawr,  Pa.  (81).    1886.  P 
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1882.    E  P 
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Woodbury,  C.  J.  H.,  Amer.  Bell  Telephone  Co..  125  Milk  St.,  Boston, 
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Woodman,  Dr.  Dorand,  80  Beaver  St.,  New  York,  N.  Y.    (41).     1896. 
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DECEASED  MEMBERS. 


A  list  of  deceased  members  of  the  Association,  so  far  as  known  at 
the  time  of  publishing  the  volume  of  Proceedings  of  the  Springfield  meet- 
ing, May  1896,  is  given  in  that  volume.  At  the  Buffalo  meeting  the  Council 
directed  the  Permanent  Secretary  to  omit  the  printing  of  the  full  list  of 
deceased  members  in  the  annual  volumes  and  to  print  only  the  additions 
to  the  list. 

Since  the  publication  of  the  list  printed  in  the  Detroit  volume  (46), 
notices  have  been  received  of  the  decease  of  the  following  members. 
This  list  also  includes  corrections  of  the  list  printed  in  the  Detroit 
volume. 

Bromwell,  William,  Port  Deposit,  Md.  (40).  Died  in  Port  Depo>it,  Md. 
Sept.,  1898. 

Carpenter,  William  Lewis,  Washington,  D.  C.  (24).  Born  in  Dunkirk, 
N.  Y..  Jan.  13,  1844.  Died  at  Madison  Barracks,  N.  Y.,  July  10,  1898. 

Coon,  Henry  Clarke,  Alfred,  N.  Y.  (29).  Born  in  West  Edmlston,  N.  Y., 
Jan.  28,  1828.     Died  in  Alfred,  N.  Y.,  May  9,  1898. 

De  Forest,  Henry  S.,  Talladega,  Ala.  (82). 

Fuller,  Andrew  S.,  Rldgewood,  N.  J.  (24).  Born  in  Utica,  N.  Y.,  Aug. 
8,  1828.    Died  In  Ridgewood,  N.  J.,  May  4,  1896. 

Griscom,  William  Woodnut,  Haverford  College  P.  0.,  Pa.  (83).  Born 
July  6,  1851.    Died  Sept.  24,  1897. 

Hacker,  William,  Philadelphia,  Pa.  (33). 

Hall,  James,  Albany,  N.  Y.  (1)      Born  in  Hingham,  Mass.,  in  1811.  Died 

in  Bethlehem,  N.  H.,  Aug.  7,  1898. 
HoUey,  George  W.,  Ithaca,  N.  Y.  (19).    Born  Feb.  17,  1810.     Died  June 

12,  1897. 
Humphrey,  James  Ellis,  Baltimore,  Md.  (44).    Died  In  Jamaica,  Aug., 

1897. 

Johnson,  Lorenzo  N.,  Boulder,  Col.  (39).     Died  in  Feb.,  1897. 
Kellicott,  David  S.,  Columbus,  Ohio   (31).    Died  April  18,  1898. 

Lawrence,  George  N.,  New  York,  N.  Y.  (7).    Born  Oct.  20,  1806.    Died 

Jan.  17,  1895. 
Leuckart,  Rudolf,  Leipzig,  Germany  (44).    Hon.  fellow.    Born  in  Braun> 

schweig,  Oct.  7,  1823.     Died  Feb.  7,  1898. 
(84) 


Digitized  by 


Google 


DBCKA8BD   MKMBBR8.  IXZXT 

Lindsley,  J.  Berrien,  Nashyille,  Tenn.  (1).  Founder.  Bom  In  Princeton, 
N.  J.,  Oct.  24,  1822.    Died  in  Nashville,  Tenn.,  Oct.  7,  1897. 

Lintner,  Joseph  Albert,  Albany,  N.  Y.  (22).  Bom  in  Schoharie,  N.  Y., 
Feb.  8.  1822.    Died  in  Florence,  Italy,  May  6,  1898. 

Macdoogall,  Alan,  Toronto,  Can.     (88.)      Bom  in  India,  May  22,  1842. 

Died  at  Exmouth,  South  Devon,  April  23,  1897. 
Malleson,  Philip  Arthnr,  New  York,  N.Y.  (46).    Bom  in  Glens  Falls, 

N.  Y.,  Dec.  26,  1859.     Died  Sept.  18,  1898. 
Merrick,  Edwin  T.,  New  Orleans,  I.A.  (29).      Died  in  New  Orleans,  La., 

Jan.  13,  1897,  in  his  87th  year. 
Miles,  Manley,  Lansing,  Mich.     (29).     Born  in  Homer,  N.  Y.,  July  20, 

1826.    Died  in  Lansing,  Mich.,  Feb.  15,  1898. 
Molson,  John  H.  R.,  Montreal,  Can.  (81).    Bora  in  Kingston,  Ont.,  June 

5,  1826.     Died  in  Montreal,  Quebec,  May  28,  1897. 

Potter,  O.  B.,  New  York,  N.  Y.  (36). 

Price,  J.  Sergeant,  Philadelphia,  Pa.  (33).  Born  in  Philadelphia,  Pa.,  June 
10,  1831.    Died  at  Cape  May,  N.  J.,  Aug.  16,  1897. 

Rice,  William,  Springfield,  Mass.  (44).  Bom  in  Springfield,  Mass.,  March 
10,  1821.    Died  in  Springfield,  Mass.,  Aug.  17,  1897. 

Rogers,  William  Augustus,  Waterville,  Me.  (15).  Born  in  Waterford* 
Conn.,  Nov.  13,  1832.    Died  in  Waterville,  Me.,  March  1,  1898. 

Thompson,  Daniel  Q.,  New  York,  N.  Y.  (29),    Died  July  10,  1897. 

Wilkinson,  J.  Henderson,  Washington,  D.  C.  (35).    Died  in  Washington , 

D.  C.  Jan.  11,  1898. 
Wood,  De  Volson,  Hoboken,  N.  J.  (29).    Bom  in  Smyrna,  N.  Y.     Died 

in  Hoboken,  N.  J. 
Worthen,  W.  E.,  New  York,  N.  Y.  (36). 
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WOLCOTT   GIBBS, 

THK    HETIRING    PRICSII»KNT    OF   THE    ASSOCIATION. 


TnKtime-bonored  custom  of  our  Association  makes  it  inciimhenl 
upon  the  retiring  Pi*esident  to  deliver  an  address  upon  some  sub- 
ject connected,  if  possible,  with  his  own  work,  and  not  purely  ele- 
mentary or  historical,  but  with  at  least  some  fresh  ideas  and  some 
new  facts.  The  task  is  a  difficult  one  for  a  chemist,  for  there  is 
perhaps  no  branch  of  science  in  which,  of  late  years,  there  has 
been  so  much  mental  activity,  and  it  is  hard  to  find  any  subject 
which  has  not  been  worn  threadbare  in  discussion. 

Trusting  to  your  indulgence,  I  will  here  present  some  theoretical 
points  connected  in  part  with  my  own  work,  and  will  treat  them  as 
briefly  as  the  nature  of  the  subjects  will  permit. 

All  chemists  are  familiar  with  the  terms  atom  and  molecule. 
The  use  of  these  two  words,  with  a  clear  conception  of  their 
meaning,  forms  an  era  in  the  history  of  the  science.  Our  modern 
chemistry  is  built  up  of  atoms  and  molecules,  as  we  now  define 
them.  Our  modern  physics  deals  for  the  most  part  and,  as  I  think, 
too  exclusively  with  atoms ;  except,  perhaps,  in  the  case  of  what 
we  now  term  physical  chemistry,  the  new  branch  of  science  wliich 
makes  it  difficult  for  us  to  determine  where  chemistry  leaves  off  and 
where  physics  begins.  The  old  controversy  between  the  advocates 
of  the  continuity  and  those  of  the  discontinuity  of  matter  is  not 
dead  but  only  sleeps. 

It  must  be  admitted  that  the  conception  of  the  atom,  as  at 
present  received,  is  not  without  serious  objections,  and  probably 
many  accept  it  as  presenting  fewer  difficulties  than  the  theory  of 
continuity.  I  venture  to  suggest  that  the  idea  of  a  material  limit, 
like  that  of  space  or  quantity  in  mathematics,  avoids  at  least  some 
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difficultieB,  80  that  we  may  define  an  atom  as  a  limit  to  which  we 
approach  as  we  subdivide  a  given  mass  of  any  element,  having 
reference  to  properties  alone.  Or,  taking  a  somewhat  different 
mathenmtical  conception,  we  may  consider  atoms  as  material  dif- 
ferentials of  which  the  general  integrals  which  we  term  masses 
are  made  up,  and  in  this  way  we  may  connect  purely  material 
with  purely  mathematical  conceptions.  The  conception  of  a  limit 
or  of  a  differential  avoids  all  hypotheses  as  regards  form  as  well 
as  regards  magnitude,  and  retains  only  ideas  of  mass  and  kind. 
Conversely,  I  doubt  whether,  for  the  purpose  of  instruction  in  the 
calculus,  any  purely  mathematical  conception  of  limits  or  of  dif- 
ferentials and  integrals  gives  as  clear  an  idea  of  these  as  does  the 
comparison  with  physical  or  chemical  atoms  and  their  aggregates. 

As  all  chemists  know,  we  owe  to  Dalton  the  first  clear  concep- 
tion of  the  chemical  atom  as  distinguished  from  the  atoms  of 
Leucippus  and  Democritus ;  to  Frankland  the  conception  of  va- 
lence which  shows  us  what  combinations  of  atoms  can  exist  con- 
sistently with  the  number  of  units  of  affinity  possessed  by  each 
individual  atom;  or,  in  other  words,  in  what  manner  groups  of 
atoms  can  form  systems  which  are  in  stable  equilibrium.  This 
conception  includes  that  of  the  chemistry  of  space,  now  so  much 
employed  in  organic  chemistry,  as  well  as  that  of  the  motions  of 
atoms  within  the  molecule  as  yet  almost  without  supporters.  To 
the  conception  of  a  definite  number  of  units  of  affinity,  recent 
chemistry  has  added  that  of  direction  of  action,  statical  according 
to  one  school  of  chemists,  dynamical  according  to  another. 

Within  a  comparatively  short  time  attention  has  been  directed 
to  a  large  class  of  compounds  exhibiting  very  interesting  proper- 
ties and  forming  peculiar  series,  some  of  which,  at  least,  are  made 
up  of  homologous  terms.  This  group  has  been  called  complex- 
inorganic,  because  many  of  its  members  form  highly  complex  mol- 
ecules of  which  no  analogues  are  known. 

I  may  here  remark  that  Ostwald  uses  the  term  ''  complex  "  to  de- 
note only  those  molecules  or  groups  of  associated  atoms  which  are 
unitary  and  do  not  belong  to  the  class  of  double  salts.  I  have 
not  drawn  this  distinction  in  the  present  paper,  because  it  is  not 
that  which  was  originally  proposed,  and  because  at  present  we  are 
not  able  to  separate  the  two  classes  from  each  other,  except  in  a 
very  limited  number  of  cases. 

No  one  class  of  compounds  appears  so  well  adapted  to  throw 
light  upon  the  structure  and  modes  of  combination  of  molecules. 
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For  this  reason  I  have  selected  the  group  as  the  subject  of  my 
address  to-day. 

In  endeavoring  to  establish  a  plausible  theory  of  the  constitu- 
tion of  the  complex-inorganic  acids  and  their  salts  it  will  be  ad- 
vantageous to  state  first  succinctly  the  principal  facts  to  be 
explained.     These,  I  think,  are  as  follows : 

1.  The  teroxides  of  molybdenum  and  tungsten  possess,  in  a 
remarkable  degree,  what  may  be  termed  a  "  cumulative  **  character, 
each  being  capable  of  forming  series  of  salts  winch  contain  a  very 
large  relative  number  of  molecules  of  the  teroxide.  In  this  re- 
spect they  stand  alone,  so  far  at  least  as  our  present  knowledge 
extends.  Certain  other  oxides  share  in  this  peculiarity  to  a  much 
less  degree,  as,  for  example,  chromic  and  perhaps  urani(!  oxides. 

I  will  cite,  in  the  first  place,  the  series  of  metatungstates,  the 
existence  of  which  has,  I  l)elieve,  been  fully  established,  partly 
by  the  researches  of  other  chemists  and  partly  by  those  made  in 
my  own  laboratory. 

The  first  term  in  the  series  has  the  general  formula  RO.4WO3; 
the  highest  appears  to  be  represented  by  the  formula 

11  R0.24W08. 

These,  with  the  intermediate  compounds,  form  a  series  of  homolo- 
gous terms,  the  common  difiference  being  RO.2WO3. 

Molybdenum  forms  a  similar,  but,  in  the  present  state  of  our 
knowledge,  not  so  fully  represented  series.  Moreover,  in  this 
case,  it  seems  necessary  to  assume  that  certain  metamolybdates 
contain  a  greater  or  less  number  of  molecules  of  water  as  base, 
either  pai'tly  or  wholly  replacing  fixed  oxides.  Jn  my  first  paper 
I  have  discussed  this  subject,  and  may  here  refer  to  that  paper  for 
necessary  details.  A  revision  of  the  composition  of  the  alkaline 
molybdates  is  much  to  be  desired,  taking  specially  into  account 
the  number  of  molecules  of  water  retained  at  high  temperatures. 

I  may  here  remark  that  my  views  in  regard  to  the  existence  of 
special  classes  of  metatungstates  and  metamolybdates  have  not 
only  not  found  acceptance  with  other  chemists,  but,  so  far  as  I 
know,  have  never  even  attracted  attention. 

2.  Two  different  metatungstates  may  unite  to  form  a  double 
salt,  as,  for  instance, 

12WO.,.5RO+l0VVO3.4R'O+6r)H2O 
12WO,.5Na2O+10WO,.4Na2C)+r)lH,O. 
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Such  compounds,  however,  are  uot  numerous,  and  it  is  possible 
to  explain  their  structure  in  other  ways.  Similar  molybdates 
have  not  been  observed,  except  in  cases  in  which  other  oxides,  as 
for  instance  platinic  oxide,  are  present. 

3.  Metatungstates  and  meta molybdates  may  react  with  a  great 
variety  of  other  salts  to  form  complex  salts  in  which  a  relatively 
very  large  number  of  molecules  of  tungstic  or  molybdic  oxides 
appear,  as  compared  with  the  number  of  molecules  of  the  com- 
bined salt  or  oxide. 

4.  Metatungstates  or  metamolybdates  may  unite  with  complex 
salts  containing  tungstic  or  molybdic  oxides,  as,  for  example, 

10WO3PtO,4Na,O  +  2  llOWOaiNaaO}  -|-  72H2O. 

5.  Complex  acids  in  the  molecule  which  is  united  with  the 
tungstic  or  molybdic  oxidt*  appear  not  to  lose  their  special  ciiarac- 
ters  and,  in  many  cases,  though  not  in  all,  to  retain  their  basicity. 
Thus  in  the  phosphotungstate  12WO..P()4H.j,  the  phosphoric  acid  is 
still  orthophosphoric  acid.  Two  dififerent  oxides,  acids  or  salts 
may  unite  with  tungstic  or  molybdic  oxide,  each  retaining  its  own 
character.     I  will  cite  only  the  phosphoroso-phosphotungstate 

24\VO,2PO,H,.PA5K20  +  13H,0 
and  the  arsenoso-phosphotungstate 

32WO,.14As,O3.3PA»0K2O  +  28H2O. 

Classes  of  salts  have  been  described  in  which  orthophosphoric, 
hypophosphorous,  phosphorous,  pyrophosphoric,  inouometaphos- 
phoric  and  hexametaphosphoric  molecules  appear  as  such. 

The  first  of  the  formulas  above  given  may  be  written 

12W03PA2K,O.H,0  +  12  WO,.2POK3  +  15  FI^O 

and  will  represent  a  quadruple  salt  if  each  term  is  to  be  considered 
as  representing  a  double  salt. 

6.  In  the  great  majority  of  cases  the  number  of  molecules  of  * 
water  in  the  meta-salts  as  well  as  in  their  derivatives  is  extraordi- 
narily large,  but  in  the  present  state  of  our  knowledge  we  are  un- 
able to  distinguish  with  certainty  between  water  of  constitution 
and  water  of  crystallization. 

In  considering  the  theory  of  the  complex  inorganic  acids  it  will 
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be  most  advantageous  to  begin  with  the  group  of  silicotungstates 
discovered  by  Marignac.  Of  these  there  are  four  chisses,  two  of 
which  are  isomeric.  We  may  write  the  general  formulas  of  the 
neutral  salts  as  follows,  omitting  water  of  crystallization : 

10  W03.SiO,.4RO     10  WO,.SiO,.2R0.2H,0 

11  WO,.8i03.4RO 

(  12  W()3.Si02.4RO     12  W03.SiO,.2R0.2H,0 
(  i2WO3.SiO2.4RO 

It  is,  of  course,  possible  that  the  second  group,  containing  eleven 
molecules  of  tungstic  oxide,  may  have  twice  the  molecular  mass 
given,  so  that  the  general  formula  is : 

12  WO3.SiO2.4RO+10  W08.SiO,4RO 

The  potassic  salt,  which  is  the  only  one  described  by  Marignac, 
will  then  be  the  analogue  of  the  double  sodium  and  zinc  meta- 
tungstate,  which  I  have  described,  and  which  has,  at  least  proba- 
bly, the  formula : 

12  WO3.5Na2O+10WO3.4ZnO 

Taking  now  the  first  series  or  group,  the  general  term  may  be 
written  in  one  of  several  ways,  as,  for  example  : 

(1)  10WO3.SiO2(RO)4 

(2)  10WO3.RO-fSiO,(RO), 

(3)  l0WO32RO4-SiO2(RO)2 

(4)  lOWOsSRO-f  SiOgRO 

(5)  10WO84RO+SiO2 

Formulas  (1)  and  (2)  appear  to  be  excluded  by  the  fact  that 
silicates  of  the  forms  Si02(RO)4  and  Si02(RO)3  are  not  known  to 
exist,  the  only  forms  of  silicic  acid  occurring  in  silicates  contain- 
ing a  single  base,  in  other  words,  in  smgle  as  distinguished  from 
double  salts,  being  metasilicic  acid  SiOgHg  and  orthosilicic  acid 
Si04H4  or  81021120  and  Si022Il20  or  corresponding  salts.  On  the 
other  hand,  formulas  (3)  and  (4)  are  admissible  so  far  as  the 
silica  is  concerned,  but  considered  as  double  salts  they  require  us 
to  assume  the  existence  of  10  WO32RO  and  10  WOaSRO,  which 
are  not  known  to  exist.  Formula  (5)  is  also  admissible,  if  we 
suppose  that  a  molecule  of  water  is  present,  and   thus  we  have 

10WO3.4ROH-SiO,OH2. 
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Marignac  considered  all  the  acids  of  this  series  as  quadribasic 
and  consequently  that  two  molecules  of  basic  water  were  present 
in  eacli  of  a  number  of  well-defined  salts. 

From  the  above  it  appears  difficult  to  explain  the  constitution 
of  the  various  silicotungstates  and  tungstosilicates  if  we  consider 
them  as  simply  double  salts.  We  must  assume  either  that  tung- 
states  not  known  to  exist  or  that  silicates  which  have  no  analogues 
or  that  both  these  classes  enter  together  into  the  structure  of  the 
complex  molecules. 

We  get  no  assistance  from  a  consideration  of  the  mode  of  prep- 
aration of  the  complex  salts  in  question.  Marignac  obtained 
them  by  boiling  gelatinous  silica  with  metatungstates.  Gelatinous 
silica  has  no  definite  constitution,  but  appears  to  be  simply  a  mix- 
ture of  two  or  more  forms  of  silicic  acid.  It  has  not  been  shown, 
I  believe,  that  soluble  alkaline  silicates  dissolve  tungstic  oxide  on 
boiling,  but  Parmentier  found  that  silicomolybdates  are  formed  by 
the  action  of  alkaline  silicates  upon  alkaline  molybdates  in  pres- 
ence of  silicic  acid,  and  Pechard  has  shown  that  a  silicomolybdate 
of  the  twelve  molecule  series  is  formed  by  the  action  of  fluosilicic 
acid  upon  the  14:6  metamolyblate  of  ammonium. 

The  same  reasoning  applies  to  the  silicotungstates  and  tung- 
stosilicates, which  contain  twelve  molecules  of  tungstic  oxide, 
since  the  last  named  classes  of  acids  also  unite  with  four  mole- 
cules of  base. 

In  this  connection  three  remarkable  double  salts  deserve  notice. 
These  have  respectively  the  formulas : 

SeWOs.SSiOj/iAlaOa  +  93H2O  and  +  SlHjO 
86W08.8SiO,.2AlA.9(NH4)20  +  75H,0 
36W08.8Si02.2N,05-8Na20  +  45H3O. 

These  salts  may  all  be  considered  as  containing  three  molecules 
of  the  complex,  12W03.Si02. 

The  first  two  may  be,  respectively  : 

2(AIA3H20)  +3(12WO,Si024H,0)  +  7.511,0 
2(Al20.3H20)  +3(12WO,Si02.3(NH4)20.Il20  +  63H2O 

and  the  third  : 

2(N205Na20)  +3(12WO,Si022Na202H20)  +39H2O. 
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'I'he  following  also  deserve  notice  in  tiie  same  connection : 

i2WOsSiO2.3K2O.n2O  +  i2WO8SiO2.2K2O.2M2O  +  26H2O. 
i2WO3SiO2.3CaO.H2O  4-  1 2 WO3SiO2.2CaO.2H3O  +  461120. 

The  simplest  view  which  can  be  taken  of  all  these  compounds  is 
that  they  contain  the  complex  12\V03.Si02.4RO  and  that  they  are 
double  and  not  quadruple  salts  or  acids.  And  it  seems  to  me  that 
the  weight  of  evidence  is  in  favor  of  the  view  that  the  complex 
WOjSiOj.iRO  or  l0WO3SiO2.4O  is  single  or  unitary  and  not  a 
double  salt  of  a  tungstate  and  silicate. 

Marignac  did  not  attempt  to  explain  the  isomerism  of  silicotiing- 
stic  and  tungstosilicic  acids,  and  the  problem  is  one  of  much  inter- 
est, since  there  are  no  allotropic  modifications  of  tungsten  or  silicon. 

To  obtain  a  further  insight  into  the  constitution  of  the  simpler 
complex  acids  we  may,  with  advantage,  also  consider  the  cases 
of  the  phosphotungstates  and  phosphomolybdates.  As  normal  we 
may  take  the  acids  I2WO.H.PO4H3  or  12M0O3.PO4H3.  These 
correspond  to  the  twelve  molecule  silicotuiigstates  or  tungstosili- 
cates  of  Marignac,  and  the  reasoning  applied  to  these  cases  will 
apply  also  to  the  phosphotungstates  and  phosphomolybdates.  Only 
in  these  last  the  number  of  known  compounds  is  much  greater,  ac- 
ids in  w^hich  the  proportion  of  tungstic  or  molybdic  oxide  to  phos- 
phoric oxide  is  as  24  :1,  22:1,  20:1,  18  :1,  16:1,  5  :1,  being  known 
in  their  corresponding  salts.  Resides  these  we  have  arsenic  com- 
pounds in  which  the  ratio  of  tungstic  or  molybdic  oxide  to  arsenic 
oxide  is  as  6  :1  and  7  :1,  as  well  as  double  salts  in  the  ordinary  ac- 
ceptation of  the  term.     Instances  of  these  last  are  : 

(1)  22M0O3.P2O5.3K2O  +  22Mo03.P20,.2K20.H20  +  21  Il.O. 

(2)  2(20MoO8.P2O5.3(NH4)2O)  +  20MoO3.P2O5.2(NH4).,O.H2O 

+  11  HjO. 

(3)  24Mo08P205.3(\H4)20+  (24Mo03.P20,.2(NH4),0.ll20 

+  16  H2O. 

Upon  any  other  than  the  view  which  I  have  taken  the  phospho- 
tungstates and  phosphomolybdates  of  the  types 

nW03P2056RO  and  nWoO,.l*20;;6Rt ) 

are  salts  sui  generis  analogous  to  metatungstates  and  metamolyb- 
dates.  The  compounds  expressed  by  these  last  formulas  are  qua- 
ternary. 
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We  may  compare  these  salts  (1),  (2)  and  (3)  with  the  double 
tungstate 

12  WO,.5Na20  +  10  W03.4Na20  +  51  aq. 

They  behave  like  salts  of  metatungstates  or  metamolybdates 
which  have  taken  into  their  structure  molecules  of  phosphoric  or 
arsenic  oxides  without  materially  changing  their  general  character. 
The  precise  mode  of  combination  of  the  tungstic  and  molyMic 
molecular  masses  with  silica,  phosphoric  or  arsenic  oxides  is  not 
at  present  known,  but  it  is  not  difficult  to  show  that  the  units  of 
affinity  of  all  the  elements  present  may  be  accounted  for  and  illus- 
trated by  structural  diagrams.  In  like  manner,  the  condensation 
of  n  molecules  of  tungstic  or  molybdic  teroxide  is  easily  explained, 
the  number  of  unsaturated  or  residual  units  of  affinity  being  for  all 
values  of  n  equal  to  2,  as  in  the  case  of  water.* 

The  study  of  the  complex  acids  which  contain  orthophosphoric 
acid  as  such  naturally  led  to  that  of  complex  acids  containing 
other  acids  of  phosphorus.  The  greater  number,  or  at  least  the 
more  important,  of  these  have  been  shown  to  give  well-defined 
complex  acids,  and  in  all  cases  appeared  to  contain  the  phospho- 
rus compound  in  the  modification  in  which  it  existed  before  the 
combination  with  tungstic  or  molybdic  oxide.  Since  this  work 
was  completed  several  new  acids  containing  phosphorus  have  been 
discovered,  more  especially  the  so-called  hypophosphoric  acid,  and 
it  is  to  be  hoped  that  these  also  will  be  studied  from  the  same 
point  of  view.  I  shall  nsk  attention  to  the  compounds  now  known. 
The  only  pyropliosphotungstates  yet  observed  belong  to  the  gen- 
eral types  for  the  acids 

(22W08.9PAH4)2RO 
and  for  the  salts 

(22W03.9PARi)  2R0. 

The  salts  containing  molybdic  teroxide  differ  from  the  above  and 
belong  to  different  types.  All  those  which  were  examined  con- 
tained manganous  oxide  and  all  contained  but  two  molecules  of 
pyrophosphoric  acid  or  corresponding  pyrophosphates  in  place  of 
nine,  it  is  not  easy  to  see  how  the  presence  of  manganous  oxide 
as  base  can  affect  the  formation  of  such  salts,  but  the  analyses  of 

»  See  Amerlwin  Journal  of  Sclcuce  and  Ai  t«,  Vol.  xliv,  November,  1867. 
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a  pyrophosphotungstate  containing  six  molecules  of  manganous  ox- 
ide correspond  very  closely  to  a  formula  embraced  under  the  type 

14W03.6RO  +  P20,R'4 

so  that,  so  fnr  as  the  empirical  constitution  is  concerned,  the  salt 
may  be  regarded  as  double  and  as  containing  two  salts  belonging 
to  well-known  types.  In  the  present  state  of  our  knowledge  it 
seems  more  probable  that  the  pyrophosphotungstates  and  pyro- 
pbosphomolybdates  are  double  salts  belonging  to  the  second  class 
of  complex  inorganic  salts.  The  solutions  of  the  alkaline  salts 
give,  with  solutions  of  the  heavy  metals,  precipitates  which  con- 
tain only  pyrophosphoric  acid  and  neither  tungsten  nor  molyb- 
denum. On  the  other  hand,  it  is  well  worthy  of  notice  that  the 
group 

9  (PAR.) 

is  capable  of  existing  independently  of  tungstic  oxide.  Wall  roth 
has  shown  that  we  have  salts  of  the  type 

(PA)9R"ioNa,e. 

Of  the  other  modifications  of  phosphoric  acid  I  shall  notice  only 
the  monometaphosphates  and  the  hexametaphosphates.  Tn  the  case 
of  the  former  the  type  of  the  tungsten  compounds  is : 

(mW03.2P03R)pR'0. 

As  in  the  case  of  the  pyrophosphotungstates  we  have   heie  to 
distinguish  an  internal  and  an  external  basicity,  the  group 

(mW03.2P08R) 

standing  in  the  relation  of  a  complex  oxide  to  the  external  group 
pR'O.   For  the  monometa-phosphomolybdates  the  type  is  different  : 

(m'MoO34P03R)p'R'0 

and,  of  course,  other  types  are  possible.  So  far  as  we  can  now 
judge  the  salts  containing  mono-m«taphosphoric  acid  belong  to 
the  first  group  like  phosphotungstates  and  phosphomolybdates  of 
the  type 

12W<  \  PO4R3  and  I2M0O3PO4R.V 

They  give  no  reactions  characteristic  of  their  constituents,  but  the 
precipitates  which  they  form  with  metallic  salts  have  the  oily  or 
pasty  character  of  the  salts  of  metaphosphoric  acid. 
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The  only  hexameta-phosphomolybdate  examined  has  the  for- 
mula 

(14Mo03.6PO,Ba,)  BaO  +  55  HoO 

and  we  may  safely  infer  that  the  type  is 

(mMo03.GPOaR3)pRO, 

tliere  being  an  internal  and  external  basicity,  as  in  the  eases 
above  noted. 

It  is  worthy  of  note  that  in  all  the  known  acids  containing  phos- 
phorus in  some  oxidized  form,  other  than  orthophosphoric  acid,  the 
number  of  molecules  of  the  acid  united  to  tungstic  or  molylniic 
oxide  is  greater  than  in  the  orthophosphotungstates  or  ortho- 
phosphomolybdates  containing  an  equal  number  of  molecules  of 
tungstic  or  molybdic  oxides. 

Two  classes  of  phosphorus  compounds  remain  to  be  considered 
— those  which  contain  piiosphorous  and  those  which  contain  iiypo- 
phosphorous  acid  or  corresponding  salts.  Chemists  are  not  wholly 
agreed  as  to  the  rational  constitution  of  either  of  these  acids,  but 
it  is  perhaps  more  probable  that  the  phosphorous  molecule  is  rep- 
resented by  the  formula 

JH.PO(OH),( 

and  the  hypophosphorous  molecule  by  the  formula 

JlI.PO.Oll^ 

The  typical  formula  for  salts  containing  the  former  is 

mVV03.nJH.P0(0R),pH'0 
or  m'Mo03.n'|H.PO(OR)2P'R'0. 

and  for  those  which  contain  the  hypo-phosphorous  molecule 

mWOauJILPO.OR^pRO 
m'MoOaU'J  H.PO.OR^p'R'O 

Both  groups  of  salts  appear  to  belong  to  the  first  class  of  complex 
acids  or  salts.  It  is  worthy  of  notice  that  the  phosphorous  and 
hypo- phosphorous  salts  do  not  reduce  copper  from  its  solutions 
even  on  boiling,  and  they  can,  therefore,  hardly  be  supposed  to  be 
simply  double  salts  in  the  ordinary  acceptation  of  the  term. 

We  owe  to  Blumstrand  the  discovery  of  a  specially  remarkable 
and  interesting  class  of  complex  acids,  the  molybdoperiodates   or, 
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in  the  Dotation  which  is  more  commonly  used,  periodomolybdates. 
The  acid  of  this  scries  has  the  formula : 

I2M0O3.I2O7.5H2O 

and  is  the  analogue  of  phosphomolybdic  acid, 

24MoO,.P205.3H20 

The  salts  of  this  series  are  5-basic,  but,  as  in  the  case  of  meta- 
tungstates  and  metamolybdates,  these  are  composed  of  two  or  more 
normal  salts.     The  best  defined  of  these  has  the  formula: 

(I2M0O3.I2O7.5K2O)  +  (12MoO;,.IA.2K2O.3H20)  +  30  H2O. 

which  we  may  compare  with 

(24Mo08.P20,3(NH4)20)  +  (24Mo08.p205  2(NIl4)20.1l20) 
+16  H2O. 

In  the  complex  acids,  of  which  the  present  pnper  treats,  we  may 
consider  the  teroxides  of  tungsten  and  molybdenum  as  the  deter- 
minants. Oxides,  of  which  Si02,  P2O,  RfOg  and  LO7  may  serve  as 
types,  may  be  regarded  as  sub-determinants.  The  chemical  po- 
tential of  the  compound  will,  of  course,  be  a  function  of  the  chem- 
ical potentials  of  both  determinants  and  eub-determinants.  Pro- 
toxides appear  not  to  form  sub-determinants,  but  in  all  cases  to 
act  simply  as  bases.  One  of  the  difficulties  of  our  subject  consists 
in  determining  how  far  the  sub-determinants  proper  may  act  as 
bases,  and  especially  whether  they  are  not  sometimes  partly  bases 
and  partly  sub-determinants  in  the  same  salt. 

In  my  published  paper  I  have  made  two  assumptions  as  regards 
the  role  of  vanadic  pentoxide  in  the  vanadiotungstates  and  vana- 
diomolybdates. 

The  first  is  that  V2O2O3  may  replace  WO3  so  that  chemically 
mWOa  +  n  (V202)08 

may  act  as  a  whole ;  the  second  that  V2O5  may  form  combinations 
with  a  number  of  molecules  of  tungstic  or  molybdic  tcroxide  an- 
alogous to  phosphotungstates  or  phosphomolybdates.  These  as- 
sumptions, taken  separately  or  together  as  the  case  may  require, 
in  many  cases  at  least  reduce  complex  to  simple  formulas  perfectly 
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comparable  to  those  of  salts  containing  pho8i)horie  or  arsenic 
pentoxide.     Thus  we  have 

5W03.VA.4(N[I,),,0.2H20  +  11  H,0 
5M0O3.VA.3  (Nn4),().3n,0  +  4H,0 
and 

8M0O,.  VA.3BaO  +  8Mo03.2Ba0.ll,0. 

In  addition  I  have  described  two  vanadiotungstic  acids  having  re- 
spectively the  formulas : 

lOWO^.VA.eH.O  +  I6II2O. 
I8WO3.VA.6H2O  +  30  n/). 

The  existence  of  these  compounds  has  been  denied,*  but  I  see 
no  sufficient  reason  for  rejecting  the  formulas,  which  at  least  closely 
correspond  to  the  analyses.     The  same  remark  applies  to  the  acid 

20VA.P2O,.6H2O  +  53  H2O 
or 

2OVAO3.P2O5.6H2O  +  53  H,,0 

which  I  would  compare  with 

20\VO3.PA.6H,O. 

It  must  be  admitted,  however,  that  in  view  of  the  extraordinary 
number  and  variety  of  the  combinations  of  vanadic  pentoxide  with 
bases  it  cannot  be  denied  that  there  are  very  numerous  compounds 
of  this  oxide  with  the  teroxides  of  tungsten  and  molybdenum, 
which,  in  the  present  state  of  our  knowledge,  must  be  cJassed  as 
double  salts.  The  empirical  composition  of  these  salts  may  be 
expressed  by  the  general  formula : 

mWO3.nVA.pRO  or         m  MoOan'VAP'RO. 

in  which  m,  m'  represent  respectively  the  number  of  molecules  of 
tungsten  or  molybdenum  and  n,  n',  p,  p'  are  whole  numbers. 
Fried heim  assumes  that  in  many  of  these  compounds  vanadic  pen- 
toxide acts  as  a  b:\se  and  that  in  others  mixtures  of  isomorphous 
salts  are  present.  The  pentoxide  dissolves  readily  in  the  stronger 
acids,  as,  for  instance,  in  sulphuric  and  phosphoric  acids,  but  I 
am  not  aware  that  well  defined  crystalline  salts  of  this  oxide  have 

'See  Friedhelm.  Bcrlchte,  Band  XXIII,  p.  1505  and  1530  (and  RoHenhcIm  Dieserta- 
tlon,  Berlin,  18S8) ;  Zcitschilft  fUr  anorgnn,  Chemie,  Baud  v,  p.  437;  Berichte,  Band 
24, p.  1173. 
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been  obtained.  There  are  also,  I  believe,  no  known  instances  of 
isomorphism  between  tungstic  and  vanadic  or  molybdic  and  vanadic 
oxides.  In  spite,  therefore,  of  all  that  has  been  done,  it  seems 
necessary  to  admit  that  our  knowledge  of  the  vanadiotungstates 
and  vanadiomelybdates  is  still  very  imperfect,  but  this  remark 
applies  also  to  the  very  large  group  of  alkaline  vanadates.^  Of 
course,  the  theory  that  in  the  salts  in  question  we  are  dealing, 
chiefly  at  least,  with  double  salts  is  that  which  would  naturally 
present  itself  first,  but  we  meet  with  the  difllculty  that  the  constitu- 
ents of  these  double  salts  are  themselves  double  salts,  so  that  we 
must  deal  in  fact  with  triple  and  quadruple  salts. 

In  my  view  the  acids  or  salts  which  are  usually  termed  complex 
may  he  divided  into  two  classes. 

Class  first  embraces  those  in  which  the  union  of  the  determinant 
and  sub-determinant  is  so  complete  that  the  special  characters  of 
the  constituents  are  nearly  or  wholly  lost.  The  salts  of  this  class 
are  not  decomposed  by  solution.  They  may  be  compared  to  certain 
so-called  double  cyanides,  as,  for  example,  to  ferrocyanides  and 
cobalticyanides.  The  acids  1 2  WO-j.  PO^H.,  and  12  M0O3.PO4II0  are 
examples. 

Class  second  embraces  double  salts  proper  which  are  decom- 
posed by  solution  alone  and  which  contain  two  different  constitu- 
ents. Salts  of  this  class  are  very  numerous,  and  there  are  probably 
various  sub-classes. 

In  the  present  state  of  our  knowledge  it  is  not  possible  for  us 
to  assign  to  more  than  a  few  acids  the  classes  to  which  they  be- 
long, and  a  vast  field  of  chemico-pliysical  work  is  open  to  the  in- 
vestigation of  this  subject  alone. 

We  have  also  to  determine  by  methods  now  well  known  to  chem- 
ists the  molecular  masses  of  metatungstates  and  metamolybdates 
and  of  the  complex  inorganic  acids,  which  may  be  considered  as 
derived  from,  or  at  least  as  definitely  related  to  them.  Certain 
salts  appear  to  be  composed  of  metatungstates  or  metamolybdates 
united  to  salts  containing  sub-determinants,  as  for  instance  and 
more  especially  platinic  oxide.  I  may,  for  the  sake  of  clearness, 
refer  to  such  formulas  as 

10  WO,.4NaiO  +  10  WO,  Pt0..5Na20  +  58H,0 
and 

4|12MoO,.2K,0.3ILO^  -f  p2Mo03.PtO,.2K20.4H20^  -f  2411,0. 

>  See  Proceeding?!!,  of  Am.  Acad.,  Vol.  xviii,  p.  74. 
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Tliese  salts  appear  not  to  be  decomposed  by  water  and  to  belong 
therefore  to  class  first. 

The  compounds  of  arsenic  oxide  with  tungstic  and  molybdic 
oxide  closely  resemble  those  of  phosphoric  oxide  and  do  not  now 
require  special  notice  as  regards  their  structure  and  properties,  nor 
as  to  the  question  of  their  position  as  unitary  or  double  salts. 

On  the  other  hand,  the  salts  which  contain  arsenious  oxide  pre- 
sent some  special  points  of  interest,  since  this  oxide  exhibits  dis- 
tinct basic  and,  in  its  salts,  distinct  acid  properties.  The  general 
formulas  for  this  class  of  compounds,  so  far  as  they  have  been 
studied,  are 

mVVOa.nAsA-pRO     and     m'MoO«.n'AsA-P'RO. 

As  characteristic  salts  we  may  take  the  arsenosomolylxlates 

6MoO3.3AsA.2RO 

of  which  four  have  been  obtained  in  fine  crystals. 

The  copper  and  nickel  salts  of  this  type  have  a  fine  green  color 
and,  therefore,  contain  the  two  metals  as  ions,  at  least  in  part. 
It  is,  therefore,  most  probable  that  the  salts  are  unitary.  This 
view  is  supported  by  the  fact  that  the  alkaline  salts  from  which 
the  salts  of  manganese,  copper,  zinc  and  nickel  are  obtained  by 
double  decomposition  give  reactions  which  are  different  from  those 
of  the  constituent  molybdic  and  arsenious  oxides.  The  same 
statement  applies  to  other  known  arsenosomolybdates  and  to 
arsenosotungstates. 

I  pass  over  without  notice  a  number  of  interesting  salts,  some 
of  which  contain  for  a  single  determinant  at  least  three  different 
sub-determinants,  as,  for  example,  phosphoric  and  vanadic  pen- 
toxides  and  vanadic  dioxide.  We  are  only  at  the  beginning  of 
our  knowledge  of  these  compounds.  From  their  extreme  com- 
plexity it  would  seem  most  probable  that  they  belong  to  the  second 
class  and  are  in  some  cases  double,  triple  or  quadruple  salts,  of 
which  possibly  the  components  may  belong  to  the  first  class.  Long 
and  laborious  investigations  are  required,  sure  to  be  rewarded  by 
an  abundant  harvest  of  new  facts,  of  little  or  no  practical  value 
perhaps,  but  to  be  looked  at  from  the  higher  point  of  view  of 
pure  abstract  knowledge. 

The  terra  ''  complex  inorganic"  was  at  first  intended  to  embrace 
all  the  compounds  containing  a  relatively  large  number  of  mole- 
cules of  tungstic  and  molybdic  oxides  as  determinants,  beginning 
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with  the  silicolungstates  of  Marignac.  Ilittorf,  in  1859,  appears 
to  have  first  drawn  the  distinction  between  double  salts  which  are 
decomposed  by  solution  and  those  which  are  stable  under  the  same 
circumstances.  Finally,  Ostwald  proposed  to  restrict  the  term 
*'  complex"  to  the  salts  which  are  not  decomposed  by  solution  and 
which  give  none  of  the  chemical  reactions  of  the  constituents. 

Of  these  two  classes  it  is  difficult  to  say  which  is  the  more  in- 
teresting and  theoretically  important.  The  salts  of  the  first  class 
are  comparatively  new  to  chemists,  and,  in  spite  of  all  which  has 
been  done,  oflfer  a  very  wide  field  for  investigation.  Those  of  the 
second  class  present  new  species  of  double  and  even  triple  and 
quadruple  salts.  It  will  first  be  necessary  to  study  the  whole  sub- 
ject by  physical  as  well  as  by  the  purely  chemical  methods  which  all 
chemists  have  hitherto  employed,  so  as  to  define  as  distinctly  as 
possible  the  limit,  if  there  be  one,  which  separates  the  two  classes 
from  each  other.  I  make  the  point  that  all  known  methods  of  dis- 
tinguishing double  from  unitary  salts  should  be  employed  in  each 
case,  as  1  believe  it  has  not  yet  been  satisfactorily  shown  that  all 
these  methods  give  coincident  results.  It  seems  also  possible  that 
there  may  exist  between  the  two  classes  given  a  third  class,  the 
salts  belonging  to  which  exhibit  intermediate  properties.  In  chem- 
istry, as  in  other  branches  of  science,  sharply  defined  boundaries 
between  groups  are  the  exception.  I  am  not  aware  that  the  chief 
methods  of  distinguishing  between  single  and  double  salts  have 
been  brought  together  for  reference,  and  perhaps  the  following  list 
may  be  convenient : 

1.  Purely  chemical  or  reaction  tests. 

2.  Decomposition  hy  sohition  alone. 
8    Physical  methods. 

a.  Determination  of  the  electric  condncting  power  of  dilute  solutions. 
h.  Determination  of  the  ions  hy  electrolysis  and  by  spectroscopic 

observations. 
c.  Observation  of  the  change  of  temperature  in  the  formation  of  the 

complex  salt.     Heat  is  evolved  in  the  formation  of  a  complex  salt 

from  unitary  molecules ;    none  In  the  formation  of  a  double  salt. 

The  formation  of  a  complex  salt,  therefore,  is  acconipanied  by  a 

loss  of  energy. 

Other  methods  have  been  given,  hut  the  above  mentioned  will 
suffice  for  most  purposes. 

In  the  brief  and  elementary  sketch  which  I  have  given  lo-day 
of  two  large  and  important  classes  of  salts  1  have  avoided  the  use 
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of  the  so-called  structural,  or,  as  they  should  he  termed,  valence 
foruiulaa.  That  such  formulas  are  often  useful,  if  only  as  checks 
upon  purely  speculative  work,  cannot  be  doubted  ;  but  it  seems 
to  me  that  the  time  has  come  for  wider  and  more  general  con- 
ceptions of  the  chemical  action  between  masses,  subject  perhaps 
to  the  fundamental  idea  of  valence  and  yet  not  too  dependent 
upon  this  idea,  as  at  present  received.  In  a  paper  published  long 
since,*  an  attempt  was  made  to  extend  the  atomistic  conception 
and  to  maintain  the  theory  that  the  action  of  one  complex  mass 
upon  another  is  determined  by  the  residual  unsaturated  units  of 
affinity  present,  without  reference  to  the  number  of  units  due  to 
each  atomic  mass.  I  venture  now  to  suggest  that,  in  addition  to 
its  valence,  each  atom  and  each  molecule  possesses  a  special  chemi- 
cal potential,  not  necessarily  a  function  of  its  valence.  The  ex- 
pression '*  chemical  potential "  is  not  wholly  new,  but  I  think  the 
conception  has  never  been  clearly  defined.  I  would  now  define  it 
as  bearing  the  same  relation  to  chemical  action  which  the  electric 
potential  bears  to  electrical  action,  the  two  potentials  being  mutually 
convertible,  all  chemical  compounds  having  residual  afl3nities  or 
potentials  besides  the  valences.  If  we  suppose  that  the  atoms 
within  the  molecule  are  in  motion,  such  motion  will  be  independ- 
ent of  the  valences  and  the  molecule  will  have  a  certain  amount  of 
free  kinetic  energy  convertible  into  chemical  or  electrical  energy  or 
into  heat. 

In  inorganic  chemistry  four  great  problems  now  present  them- 
selves for  solution.     These  are  : 

The  existence  and  chemical  relations  of  the  gaseous  elements, 
of  which  five  are  known  to  exist  in  the  atmosphere ;  the  sepa- 
ration of  the  elements  forming  the  rare  earths,  by  systematic 
processes  and  the  determination  of  their  positions  in  the  periodic 
series ;  the  thorough,  and  so  far  as  possible,  exhaustive  study  of 
the  complex  and  double  salts ;  and,  finally,  the  determination  of  the 
atomic  masses  of  the  elements  with  all  the  precision  of  which 
the  subject  admits,  and  in  the  spirit  of  Stas,  of  Richards  and  of 
Morle\ . 

'  Loc.  cit.,  p.  8. 
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THE  DEVELOPMENT  OF  PHOTOGRAPHY  IN  ASTRONOMY. 


The  American  Association  for  the  Advancement  of  Science  has 
now  completed  an  existence  of  half  a  century.  It  has  become  one 
of  the  leading  scientific  institutions  of  this  country.  Since  its  or- 
ganization fifty  yeara  ago,  the  world  has  advanced  with  wonderful 
rapidity  in  all  directions,  and  especially  in  the  various  fields  of 
science.  It  is  hardly  too  much  to  say  that  the  scientific  progress  in 
the  last  half  century  far  exceeds  all  that  was  done  in  the  preceding 
thousand  years.  The  life  of  this  Association  practically  covers 
the  development  and  comparative  perfection  of  many  of  the  sci- 
ences. This  is  especially  true  of  the  wonderful  art  of  photography. 
At  the  beginning  of  the  work  of  this  Association,  the  gi'eat  dis- 
covery of  making  pictures  by  tlie  natural  light  of  the  snn  had  just 
been  made,  and  while  it  aroused  a  widespread  interest  all  over  the 
world  at  that  time,  there  were  very  few  who  dreamed  of  the  great 
future  value  of  photography  in  the  arts  and  sciences.  One  of 
those  who  saw  something  of  the  future  of  Daguerre's  discoveiy  was 
the  celebrated  Scottish  astronomer  Dr.  Dick,  whose  works  on 
popular  astronomy  arc  still  useful  and  delightful  reading.  In  his 
Practical  Astronomer,  published  in  1845,  he  said: 

"It  is  not  improbable,  likewise,  that  this  art  (still  in  its  in- 
fancy), when  it  approximates  to  perfection,  may  enable  us  to  take 
representations  of  the  sublime  objects  of  the  heavens.  The  sun 
affords  sufl3cient  light  for  this  purpose ;  and  there  appears  no  in- 
surmountable obstacle,  in  taking,  in  this  way,  a  highly  magnified 
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picture  of  that  luminary  which  shall  be  capable  of  being  again 
magnified  by  a  powerful  microscope.  It  is  by  no  means  improb- 
able, from  experiments  that  have  hitherto  been  made,  that  one 
may  obtain  an  accurate  delineation  of  the  lunar  world  from  the 
moon  herself.  The  plated  discs  prepared  by  Daguerre  receive 
impressions  from  the  action  of  the  lunar  rays  to  such  an  extent  as 
permits  the  hope  that  photographic  charts  of  the  moon  may  soon 
be  obtained  and,  if  so,  they  will  excel  in  accuracy  all  the  delinea- 
tions of  this  orb  that  have  hitherto  been  obtained ;  and,  if  they 
should  bear  a  miscroscopic  power,  objects  may  be  perceived  on  the 
lunar  surface  which  have  hitherto  been  invisible.  Nor  is  it  impos- 
sible that  the  planets  Venus,  Mars,  Jupiter  and  Saturn  may  be 
delineated  in  this  way,  and  objects  discovered  which  cannot  be 
descried  by  means  of  the  telescope.  It  might,  perhaps,  be  con- 
sidered as  beyond  the  bounds  of  probability  to  expect  that  very 
distant  nebulae  might  thus  be  fixed,  and  a  delineation  of  these  ob- 
jects produced  which  shall  be  capable  of  being  magnified  by  mi- 
croscopes; but  we  ought  to  consider  that  the  art  is  yet  in  its 
infancy,  that  plates  of  a  more  delicate  nature  than  those  hitherto 
used  may  yet  be  prepared  and  other  properties  of  light  may  yet  be 
discovered  which  shall  facilitate  such  designs." 

Had  Dr.  Dick  lived  until  the  present  day  he  would  be  amazed 
to  see  what  portions  of  his  prediction  have  in  a  measure  come  true. 
To  him  the  most  improbable  of  the  things  he  forecast  for  photog- 
raphy to  accomplish  was  the  delineation  of  the  nebulae,  and  yet 
it  is  in  this  direction  that  photographic  astronomy  has  most  decid- 
edly excelled.  To  use  highly  magnified  images  for  photographing 
the  details  of  the  planets  seemed  to  him  to  be  among  the  first 
triumphs  that  were  to  fall  to  astronomical  photography ;  yet  to- 
day they  are  almost  as  far  from  realization  as  they  were  in  the 
days  when  good  Dr.  Dick  charmed  his  readers  with  vivid  descrip- 
tions of  the  wonders  of  Astronomy.  I  do  not  think  the  most 
active  imagination  could  have  foreseen  in  Dr.  Dick's  day  the  mar- 
vellous extent  to  which  astronomy  at  the  close  of  the  nineteenth 
century  would  be  influenced  by  that  light  picturing  process  just 
then  being  developed  by  Daguerre  and  others. 

After  all,  however^  it  is  easy  in  the  case  of  great  discoveries  of 
this  kind,  to  predict  what  they  will  amount  to.  This  is  usually 
done  by  immensely  exaggerating  all  their  possibilities  and  thus,  by 
a  iiappy  chance,  hitting  one  or  more  of  their  realities ;  for  strict 
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account  is  usually  kept  only  of  the  hits  in  such  cases,  the  misses  be- 
ing rejected  by  a  charitable  world  as  a  matter  of  no  importance. 
We  are  used  to  wonders  in  these  days  of  wonders,  and  have  a  happy 
habit — from  frequent  practice  —  of  correctly  guessing  the  out- 
come of  some  of  the  great  discoveries.  But  when  Dr.  Dick  wrote, 
these  things  were  not  so  easily  foreseen,  for  the  possibilities  of  the 
sciences  were  not  so  apparent  then  as  they  are  now. 

So  great  have  become  the  possibilities  of  photography  in  the 
astronomical  investigations  of  to-djiy,  that  an  account,  in  detail,  of 
its  accomplishments  would  far  exceed  the  limits  of  this  paper,  and 
for  that  reason  I  shall  be  forced  to  a  brevity  in  dealing  with  this 
subject  that  must  necessarily  pass  over  many  of  the  interesting 
things  photography  has  done  for  astronomy  in  its  comparatively 
short  lifetime. 

It  does  not  come  within  the  province  of  a  paper  of  this  kind  to 
deal  with  the  question  of  priority  in  the  discovery  of  photography 
(though  something  might  be  said  on  that  point  for  America) ,  as  the 
process  interests  us  only  so  far  as  its  application  to  astronomy  is 
concerned. 

It  appears  that  on  the  very  first  announcement  of  Daguerre's  won- 
derful discovery  on  the  19th  of  August,  1839,  the  celebrated  French 
astronomer,  Arago,  who  addressed  the  Paris  Academy  on  the  sub- 
ject, quickly  foresaw  the  great  advantage  it  must  necessarily  be  to 
the  science  of  Astronomy,  especially  in  the  faithful  delineation  of 
the  surface  features  of  the  sun  and  the  moon,  for  these  two  ob- 
jects, at  least,  were  bright  enough  to  register  themselves  with  the 
sluggish  materials  then  in  use.  It  is  especially  gratifying  to  Ameri- 
cans that  the  first  efforts  to  utilize  the  new  discovery  for  the  benefit 
of  astronomy,  were  made  in  this  country ;  and  that  Americans  have 
always  been  promptly  identified  with  the  process  from  its  very 
earliest  conception. 

Within  less  than  one  year  from  the  announcement  of  Daguerre's 
discovery,  in  March  of  1840,  Dr.  John  W.  Draper,  of  New  York 
City,  had  succeeded  in  getting  pictures  of  the  moon  which,  though 
not  very  good,  foreshadowed  the  possibilities  of  lunar  photogra- 
phy. Five  years  later  the  Harvard  College  Observatory  may  be 
said  to  have  commenced  its  remarkable  career  of  astronomical 
photography,  when  Bond,  with  the  aid  of  Messrs.  Whipple  and 
Black,  of  Boston,  succeeded  in  getting  still  better  pictures  of  the 
moon  with  the  15-inch  refractor.    These  pictures,  on  daguerreotype 
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plates,  seem  to  have  been  fairly  good,  and  to  have  shown  much 
detail,  though  the  telescope  was  wholl}'  uncorrected  for  the  photo- 
graphic rays.  They  attracted  a  great  interest  in  the  subject,  es- 
pecially in  England,  but  the  difficulties  encountered  led  to  failui-es 
generally,  except  in  the  case  of  De  La  Rue,  Dancer,  and  one  or 
two  others.  To  Dancer  is  doubtless  due  the  earliest  success  in 
lunar  photography.  Excellent  photographs,  it  is  said,  were  made 
by  him  a&  early  as  February,  1850.  In  1868,  De  La  Rue,  using  a 
13-inch  speculum,  without  clock-work,  and  guiding  by  following  a 
lunar  crater  seen  through  the  plate,  made  the  most  important  of 
the  early  efforts  at  lunar  photography.  From  this  time  De  La  Rue 
made  the  best  pictures  of  the  moon  until  the  subject  was  taken 
up  again  in  America  in  1860  by  Dr.  Henry  Draper,  son  of  the 
illustrious  John  W.  Draper.  Like  De  La  Rue,  Dr.  Draper  con- 
structed his  own  telescope,  a  15^-inch  reflector.  With  this  in- 
strument he  secured  excellent  photographs  of  the  moon,  superior 
to  any  previously  made,  and  capable  of  considerable  enlargement. 
These  pictures  of  the  moon  were  the  best  taken  until  Lewis  M. 
Rutherfurd  began  his  remarkable  work  about  1865.  Rutherfurd's 
work  marked  the  most  important  step  until  then  made  in  astronom- 
ical photography.  From  this  time  on  he  produced  such  admirable 
photographs  of  the  moon  that  they  have  not  been  excelled  until 
within  the  past  few  years  These  were  made  with  a  refractor  of 
eleven  inches  aperture,  which  had  been  constructed  under  his  imme- 
diate supervision.  This  was  the  first  telescope  corrected  specially 
for  the  photographic  rays.  Some  excellent  lunar  photographs,  in 
the  meantime,  had  been  made  with  the  great  4-foot  reflector  of  the 
Melbourne  Observatory. 

The  completion  of  the  Lick  Observatory  in  1888  marked  another 
decided  advance  in  the  photography  of  the  moon.  The  great  focal 
length  of  this  magnifleent  instrument  gave  an  unenlarged  image 
of  the  moon  about  six  inches  in  diameter,  which  in  itself  was  a 
great  advantage. 

The  admirable  lunar  photographs  made  by  MM.  Loewy  and 
Puiseux,  with  the  Equatorial  Cou(16,  at  Paris,  in  the  past  few  years, 
have  excelled  anything  yet  made  in  this  direction. 

But  what  is  shown  by  the  best  lunar  photographs  has  not  yet 
approached  that  which  can  be  seen  with  a  good  telescope  of  very 
moderate  size.  The  minute  details  are  at  present  beyond  the  reach 
of  photography,  but  its  accurate  location  of  the  less  difficult  features 
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is  of  the  highest  value.  The  greatest  interest  in  any  observation 
of  the  moon  would  be  in  any  changes  that  might  take  place  on  its 
surface.  It  has  long  ago  been  shown  that  no  changes  on  a  large 
scale  have  occurred  in  recent  times.  It  is  therefore  to  the  minuter 
details,  if  anywhere,  that  we  must  look  for  change  in  the  moon,  and 
these  at  present  are  much  beyond  the  reach  of  the  photographic 
plate. 

The  sun,  from  its  abundance  of  light,  offered  special  inducements 
to  the  early  workers  in  photography.  It  would  rather  appear, 
however,  that  the  moon  had  the  most  charm  for  the  fii-st  photo- 
graphic astronomers.  This  was  doubtless  due  to  the  singular  and 
wonderful  wealth  of  detail  its  surface  continually  presented ;  while 
the  sun,  except  for  a  few  occasional  spots,  was  at  best  only  a  blank 
surface.  But  when  carefully  and  conscientiously  studied,  however, 
it  highly  rewarded  those  who  took  up  its  study  photographically. 

The  first  picture  of  the  sun  seems  to  have  been  made  on  a  daguer- 
reotype plate  by  Fizeau  and  Foucault  in  1845.  During  the  total 
eclipse  of  the  sun  on  July  21 , 1 85 1 ,  a  daguerreotype  was  secured  with 
the  Konigsberg  heliometer  (two  and  four-tenths  inches  in  diameter 
and  four  feet  focus)  by  Dr.  Busch,  which  appears  to  have  been  the 
first  photographic  representation  of  the  corona.  It  showed  con- 
siderable detail  quite  close  to  the  moon.  But  in  the  early  eclipses 
the  photographic  work  seems  to  have  been  mainly  devoted  to  repre- 
sentations of  the  solar  prominences,  which  at  that  time  were  as 
rarely  seen  as  the  corona  itself.  During  the  eclipse  of  1869,  how- 
ever, Professor  Himes  secured  a  photograph  which  showed  the 
brighter  structure  of  the  corona  ;  similar  pictures  were  also  obtained 
during  the  same  eclipse  by  Mr.  Whipple  of  Boston.  The  corona 
was  also  slightly  shown  on  pictures  made  as  early  as  1860  by  M. 
Serrat.  None  of  them,  however,  showed  more  than  slight  traces 
of  the  corona,  extending  only  for  a  few  minutes  of  arc  from 
the  moon's  limb.  Nearly  all  the  pictures  seem  to  have  been  taken 
with  an  enlarging  lens,  which  was  doubtless  used  to  get  the  promi- 
nences on  a  larger  scale.  Mr.  Whipple,  however,  in  1869,  did  not 
use  any  primary  enlargement,  and  this  gave  him  a  decided  advan- 
tage in  point  of  exposure  time.  In  nearly  all  of  these  pictures,  the 
exposures  with  the  slowness  of  the  then  existing  plates,  were  evi- 
dently too  short  to  show  the  corona,  except  perhaps  in  the  case  of 
Whipple,  who  gave  forty  seconds  exposure. 

The  first  really  successful  photographs  of  the  corona  were  ob- 
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tained  at  the  eclipse  of  Dee.  22,  1870,  when  the  corona  was  shown 
on  the  plate  to  a  distance  of  about  half  a  degree  from  the  moon's 
limb.  This  picture,  made  by  Mr.  Brothers  at  Syracuse,  Sicily, 
showed  a  considerable  amount  of  rich  detail  in  the  coronal  struc- 
ture; and  the  same  can  also  be  said  of  the  photographs  of  this 
eclipse  taken  by  Colonel  Tennant  and  Lord  Lindsay's  party. 
These  seem  to  have  been  the  first  pictures  lo  show  really  the  great 
value  of  photography  for  coronal  delineation.  The  eclipse  of  1871 
was  still  more  successfully  photographed,  and  an  excellent  repre- 
sentation of  the  corona,  full  of  beautiful  detail,  was  secured. 

All  of  these  pictures  were  made  with  the  wet  process,  for  the 
dry  plate  was  not  successfully  used  until  about  1876,  and  it  was 
five  or  six  years  later,  before  it  became  generally  useful  or  at  all 
reliable.  For  some  years  previous  to  this,  photographers  had  been 
at  work  with  varied  success  upon  different  methods  of  preparing 
and  sensitizing  plates  that  could  be  used  dry.  Indeed,  at  the 
eclipse  of  1871  at  Baikul,  India,  it  appears  that  Mr.  Cherry  used 
a  dry  plate  on  which  he  exposed  a  number  of  images  of  the  sun 
before  totality  for  tbe  orientation  of  the  eclipse  plates.  It  would 
seem  that  he  had  only  two  of  these  plates  and  they  were  both  in- 
tended to  be  used  for  orientation.  The  second  plate,  however,  was 
broken  before  it  could  be  used.  It  is  probable  they  were  known 
to  be  less  sensitive  than  the  wet  plates,  which  doubtless  prevented 
their  being  used  for  the  corona. 

Though  the  pictures  of  1870  and  1871  showed  the  value  of  the 
photographic  method,  it  had  so  far  failed  to  show  the  greater,  and 
fainter  extensions  of  the  corona.  In  speaking  of  the  eclipse  of 
1871  and  the  success  attained  by  photography  at  that  time,  it  is 
well  here  to  mention  the  evil  influence  the  old  method  of  drawing 
had  upon,  at  least,  one  observer.  A  Mr.  Holiday  had  made  obser- 
vations of  the  corona  from  a  housetop,  and  thus  describes  the  re- 
sult in  his  report : 

''  As  soon  as  the  eclipse  was  over,  1  came  down  from  the  roof 
and  plunged  my  head  into  cold  water,  for  I  was  violently  excited, 
and  before  breakfast  I  had  made  three  drawings  from  my  memo- 
randa." If  photography  has  done  nothing  more  for  astronomy 
than  to  prevent  occurrences  of  this  kind  it  would  at  least  deserve 
lasting  respect  from  a  humane  point  of  view. 

In  1878,  extensive  preparations  were  made  to  observe  the  eclipse 
of  July  29  of  that  year.     Photography  was  to  play  an  important 
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part,  though  astronomers  did  not  rely  very  strongly  upon  it,  for  it 
appears  that  all  were  prepared  to  make  the  customary  drawings  of 
the  corona,  and  unfortunately  each  person  faithfully  carried  out 
that  purpose.  A  most  suggestive  illustration  of  the  uncertainty  of 
such  work  is  found  in  the  large  collection  of  drawings  published  in 
a  volume  issued  by  the  United  States  government  relating  to  the 
eclipse  of  1878.  An  examination  of  these  forty  or  fifty  pictures 
shows  that  scarcely  any  two  of  them  would  be  supposed  to  repre- 
sent the  same  object ;  and  none  of  them  at  all  closely  resembled 
the  photographs.  The  method  of  free-hand  drawings  of  the  corona, 
made  under  the  attending  conditions  of  a  total  eclipse,  received  its 
death  blow  at  that  time,  for  it  showed  the  utter  inability  of  the 
average  astronomer  to  sketch  or  draw  under  such  circumstances 
what  he  really  saw. 

At  this  time  the  dry  plate  was  still  in  its  infancy,  and  the  results 
with  it  ranged  from  failure  up  to  a  fair  picture  of  the  corona.  The 
greatest  extension  of  the  corona  obtained,  however,  seemed  to  be 
about  half,  a  degree  from  the  moon's  limb,  while  Pi'ofessors  New- 
comb  and  Langley  traced  it  nearly  six  degrees  with  the  eye  alone. 
The  results,  nevertheless,  were  highly  important,  and  tliey  demon- 
strated the  success  of  photography  for  this  class  of  work.  One 
of  the  cameras  at  this  eclipse  was  put  in  charge  of  a  private  soldier, 
with  instructions  to  give  an  exposure  of  sixty-five  seconds.  The 
instructions  were  faithfully  carried  out,  but  as  no  one  had  told  him 
to  draw  the  dark  slide  the  plate  remained  unexposed. 

The  total  eclipse  of  1882  proved  to  be  of  special  interest,  from 
the  fact  that  a  small  unknown  comet  was  then  in  the  immediate 
neighborhood  of  the  sun,  and  was  seen  with  the  naked  eye  during 
the  eclipse.  The  increased  sensitiveness  of  the  plates  then  in  use 
secured  a  strong  impression  of  this  object.  The  known  history  of 
the  comet  is  comprised  within  the  few  minutes  of  totality  of  that 
eclipse,  for  it  was  never  seen  afterwards. 

In  the  eclipse  of  1886  photography  again  held  an  important 
position.  But  the  extremely  humid  climate  of  Granada  (one  of 
the  observing  stations)  and  the  necessity  of  employing  volunteer 
observers,  led  to  numerous  disasters,  such  as  the  failure  to  get  tlie 
sun's  image  on  the  sensitive  plate  in  the  most  important  instrument, 
the  breaking  of  the  polar-axis  just  before  totality  in  the  next  im- 
portant instrument,  the  failure  of  an  assistant  to  make  the  expos- 
ures with  another  until  totality  was  all  but  over,  the  fact  that  two 
native  policemen  stood  in  front  of  the  photometer  during  totality. 
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the  two  weeks*  delay  of  the  steamer  in  getting  away  from  the  island, 
the  seizure  of  the  plates  by  the  customs  officials  on  arrival  at  New 
York,  and,  after  their  rescue,  the  subsequent  delay  for  want  of 
time  to  develop  the  plates,  until  May  of  the  next  year  when  they 
had  undergone  decomposition,  so  that  the  results  were  not  as  good 
as  might  have  been  expected. 

The  closing  of  the  year  1888  and  the  opening  of  1889  brought 
one  of  the  most  important  eclipses  that  had  yet  occurred  from 
a  photographic  standpoint.  Certainly  no  previous  eclipse  nor 
any  since,  so  far  as  that  is  concerned,  was  photographed  by  so 
many  different  persons,  and  with  such  a  varied  assortment  of 
cameras,  telescopes,  etc.  The  path  of  this  eclipse  lay  across 
Nevada  and  California,  and  every  photographer,  amateur  or  pro- 
fessional, near  the  line  of  totality,  took  part  in  the  work.  The 
amateur  photographers  of  San  Francisco  and  Oakland  banded  to- 
gether under  the  leadership  of  Mr.  Charles  Burckhalter  and  photo- 
graphed the  eclipse  in  a  systematic  manner,  the  result  being  a 
most  excellent  collection  of  negatives  of  the  corona.  .  In  some  of 
these  pictures  the  coronal  streamers  were  carried  to  a  far  greater 
extent  than  at  any  previous  eclipse ;  especially  was  this  so,  in  the 
photographs  made  by  two  of  the  nmateur  photographers,  Messrs. 
Lowden  and  Ireland.  At  this  eclipse  the  lot  fell  to  the  writer  to 
make  the  photographs  for  the  Lick  Observatory.  But  at  this  time 
the  observatory  had  no  instruments  suitable  for  the  work.  To 
secure  as  large  an  image  as  possible  with  the  poor  equipment  at 
hand,  a  three  and  a  iialf  inch  visual  objective,  by  Alvan  Clark,  was 
selected.  This  lens  after  being  reduced  to  one  and  three-fourths 
of  an  inch  in  diameter  and  mounted  in  an  oblong  box,  fastened 
to  a  polar  axis  driven  by  the  clock-work  belonging  to  the  12-inch 
equatorial,  was  found  to  give  a  fairly  good  photographic  image. 
With  this  and  two  small  photographic  cameras,  nine  negatives  of 
the  corona  were  secured.  The  best  of  these  was  one  made  with 
the  Clark  visual  objective.  By  extreme  care  in  development,  this 
negative  not  only  showed  the  exquisite  polar  systems  of  streamei*s 
and  the  details  of  the  corona  close  to  the  moon,  but  also  carried 
the  coronal  extensions  a  great  distance  along  the  ecliptic.  This  was 
by  far  the  most  successful  eclipse  photographically  of  any  that 
had  yet  been  observed,  and  forever  set  aside  as  worthless  the  crude 
and  wholly  unreliable  free-iiand  sketches  and  drawings  previously 
depended  upon. 

The   eclipse   of  December   22,    1889,  was   successfully  photo- 
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graphed,  among  others,  by  Mr.  Burnhamand  Professor  Schaeberle, 
comprising  the  Lick  Observatory  eclipse  expedition  which  was  sent 
lo  Cayenne.  It  was  at  this  eclipse  that  Father  Perry  lost  his  life 
through  the  trying  climatic  conditions.  With  the  sickness  of  death 
upon  him,  this  brave  man,  fearless  in  his'duty,  stood  by  his  cameras 
and  carefully  carried  out  his  program  during  the  eclipse,  only  to 
collapse  at  its  close,  and  die  a  few  days  later  on  the  vessel  that 
was  carrying  him  away  from  the  fateful  spot. 

The  eclipse  of  1893  was  successfully  photographed  in  Brazil, 
Africa  and  Chile.  Professor  Schaeberle  made  arrangements  for 
the  photography  of  the  corona  on  a  large  scale,  and  with  his  appa- 
ratus at  Mina  Bronces,  Chile,  secured  a  fine  series  of  photographs 
with  a  photo-heliograph  of  forty-feet  focus,  which  he  mounted  on 
a  hill  sloping  towards  the  sun.  The  image  was  formed  by  a  sta- 
tionary lens  five  inches  in  diameter  upon  a  large  sensitive  plate 
which  was  moved  by  clock-work  to  counteract  the  sun's  motion 
during  the  few  minutes  of  the  eclipse.  In  these  pictures  the 
image  of  the  sun  was  on  such  a  large  scale  that  the  coronal  de-. 
tails  could  be  very  accurately  studied.  Upon  these  plates,  Pro- 
fessor Schaeberle  found  a  hazy  ill-defined  spot  at  forty  minutes' 
distance  from  the  sun's  center.  This  he  subsequently  found  also 
on  the  African  and  Brazilian  plates,  taken  by  the  English  and 
American  astronomers.  This  object  was  in  motion  away  from 
the  sun,  as  shown  by  the  photographs  which  covered  an  interval 
of  2**  36™  of  absolute  time.  Professor  Schaeberle  believes  this 
was  a  comet.  It  is  not  impossible,  however,  that  it  was  a  mass 
of  coronal  matter  moving  out  from  the  sun,  such  as  has  been 
shown  by  the  spectroscope  frequently  to  occur  in  the  case  of  solar 
prominences.  The  fact  that  the  object  seemed  to  be  connected 
with  the  sun  by  a  coronal  streamer  would  rather  favor  the  expla- 
nation. The  drawing  given  in  Astronomy  and  Astro- Physics,  p. 
807,  Vol.  XIII,  seems  to  support  further  this  idea. 

During  the  solar  eclipse  of  1896  the  sky  was  cloudy  at  nearly 
all  the  stations,  and  especially  where  the  most  elaborate  prepara- 
tions had  been  made  for  photographic  work.  A  few  photographs 
were  obtained,  however,  some  of  which,  with  very  small  lenses, 
showed  the  coronal  extensions  to  a  great  length.  The  most  im- 
portant photographic  work  at  this  eclipse  was  the  photographing 
of  the  flash  spectrum,  or  the  momentary  reversal  of  the  Fraunhofer 
lines- which  occurs  when  the  edge  of  the  sun  disappears  behind 


Digitized  by 


Google      ^ 


28  SECTION    A. 

the  moon  or  reappears  from  it,  and  for  an  instant  exposes  the 
reTersing  layer,  which  was  first  seen  by  Professor  Young  at  the 
eclipse  of  1870.  This  extremely  important  picture  was  made  by 
William  Shackleton,  a  young  Englishman,  who  patiently  waited 
and  watched  the  spectrum*  at  the  edge  of  the  sun,  and  at  tlie  in- 
stant of  the  reversal  of  the  lines  exposed  a  plate  which  caught 
for  the  first  time  the  fugitive  bright  lines  which  are  only  visible 
for  about  a  second.  This  photograph  was  a  triumph  for  photog- 
raphy, for  the  record  of  the  phenomenon  now  does  not  rest  upon 
the  authority  of  any  hasty  observations,  but  remains  a  permanently 
visible  record. 

Our  record  closes  with  the  eclipse  of  January  22,  1898,  which 
was  photographed  in  India  by  American  and  English  astronomers. 
The  photograph  of  the  flash  spectrum  was  successfully  repeated 
by  many  observers.  The  coronal  extensions  at  this  eclipse  were 
carried  to  a  greater  extent  on  the  photographs  than  at  any  previous 
eclipse,  by  photographs  secured  with  a  very  small  lens  by  Mr.  and 
,Mrs.  Maunder.  The  observations  at  all  the  stations  were  emi- 
nently satisfactory. 

In  speaking  of  the  photography  of  the  corona  it  is  well  to  men- 
tion the  extremely  interesting  experiments  of  Dr.  Huggins  in  an 
endeavor  some  years  ago  to  photograph  it  without  an  eclipse.  By 
the  use  of  absorbing  media  and  later  with  extremely  short  ex- 
posures, he  obtained  very  corona- like  appearances,  and  it  is  not 
yet  certain  that  they  were  not  true  coronal  forms.  Such  experi- 
ments should  be  tried  at  very  high  altitudes  in  a  pure  atmosphere, 
and  it  is  to  be  hoped  that  these  efforts  will  be  again  undertaken 
under  more  favorable  conditions. 

The  transit  of  Venus  across  the  sun*s  disc  in  1882  wad  very 
successfully  photographed.  The  measures  of  the  pictures  taken 
by  the  Americans  have  given  a  good  redetermination  of  the  solar 
parallax.  A  fine  series  of  photographs  of  this  transit,  with  wet 
plates,  was  obtained  by  Prof.  D.  P.  Todd  at  the  Lick  Observatory. 
This  was  six  years  before  the  completion  of  the  observatory. 

There  is  no  question  but  Janssen,  of  Meudon,  succeeded  many 
years  ago  in  making  the  best  photographs  of  portions  of  the  sun's 
surface  that  have  yet  been  made.  These  pictures  show  the  gran- 
ulation of  the  solar  surface  and  the  details  of  the  sun  spots  with 
admirable  clearness.  This  astronomer  has  always  used  the  old 
wet  plate  process,  which  seems  to  give  the  best  results  in  .solar 
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work.  The  instrument  with  which  his  work  is  done  is  a  very  crude 
affair.  The  lens,  five  inches  in  diameter,  is  placed  in  a  wooden  box, 
which  is  mounted  on  an  old  camera  stand  on  rollers.  It  is  not  pro- 
vided with  clock-work.  When  Janssen  wishes  to  make  a  photograph 
of  the  sun,  he  wheels  this  primitive  affair,  stained  and  daubed  with 
nitrate  of  silver,  from  a  shed  to  a  platform,  elevates  it  towards 
the  sun,  makes  an  exposure  with  a  rapidly-moving  slit,  and  secures 
a  photograph,  which,  so  far,  but  few  have  approached  in  excellence. 
These  pictures  are  enlarged  by  a  secondary  lens  in  the  camera  box 
to  about  twenty  inches  in  diameter.  One  peculiar  feature  of  these 
photographs  is  the  frequent  presence  of  blurred  regions,  in  strik- 
ing contrast  to  the  generally  exquisite  shai*pness  of  the  granular 
surface.  These  disturbed  regions  are  believed  by  Janssen  to  be 
due  to  actual  disturbances  on  the  sun's  surface,  and  therefore  to 
be  true  phenomena  of  the  sun.  I  have  always  had  the  impression 
that  they  are  simply  due  to  the  presence  of  small  areas  of  bad 
"seeing"  which  are  passing  at  the  moment  of  exposure ;  that  is,  they 
are  the  effects  of  small  local  disturbances  in  our  own  air  such  as 
every  visual  observer  is  familiar  with  in  night  work.  I  remember 
having  once  secured  a  photograph  of  the  moon  with  the  12-inch 
of  the  Lick  Observatory  which  showed  just  such  a  blurred  spot 
on  its  surface.  This  question  could  be  easily  settled  with  a  few 
exposures  made  a  minute  or  so  apart,  for  if  the  blurred  appearance 
repeats  itself  at  the  same  point  on  the  sun's  disc,  then  it  cannot  be 
due  to  local  atmospheric  disturbances.  Doubtless  M.  Janssen  has 
long  ago  decided  this  question,  but,  if  so,  it  has  escaped  my  notice. 

For  the  first  successful  photographs  of  the  sun's  surface,  how- 
ever, we  must  return  to  America.  The  first  pictures  to  show  this 
granulation  and  the  details  of  the  sun  spots  were  taken  by  Lewis 
M.  Rutherfurd  in  1870.  These  pictures  were  also  made  with  the 
collodion,  or  wet  process. 

From  the  importance  of  a  more  thorough  understanding  of  the 
effects  of  the  sun  upon  the  climate  of  the  earth,  daily  photographs 
of  the  solar  surface  are  made  at  a  number  of  observatories,  princi- 
pally at  Greenwich,  Kew  and  in  India.  These  have  been  kept  up 
for  a  great  many  years.  The  Lick  Observatory  has  in  recent  years 
also  taken  up  this  subject.  It  is  scarcely  probable  that  a  single 
day  goes  by  without  photographs  of  the  sun  being  made  at  some 
one  of  these  observatories.  Thus  a  valuable  record  is  kept  of  the 
changes  taking  place  on  the  solar  surface.     Just  what  effect  these 
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sun  storms  have  upon  the  earth  is  not  yet  definitely  understood, 
but  there  seems  to  be  an  almost  certain  connection  between  some 
of  the  solar  disturbances  and  terrestrial  magnetic  storms,  so  that 
when  the  sun  is  violently  agitated  a  corresponding  disturbance  of  the 
earth's  magnetism  occurs.  It  is  not  yet  seen  just  how  these  dis- 
turbances may  affect  the  weather ;  so  far  the  testimony  seems  in- 
conclusive, and  local  conditions  on  the  earth  may  fully  compensate 
for  any  effect  solar  storms  might  have  here.  In  the  meantime  the 
work  done  in  this  connection  at  Greenwich  and  other  places  will 
continue  to  grow  in  importance.  One  thing  that  this  repeated  and 
constant  photographing  of  the  sun  has  proved  is  the  non-existenoe 
of  the  so-called  intra-mercurial  planets,  which  before  the  days 
of  photography  were  so  frequently  seen  transiting  the  sun  by 
Lescarbault  and  many  others.  No  strange  thing,  aside  from  an 
alleged  comet,  which  was  afterwards  traced  to  a  stain  on  the  pho- 
tographic film,  has  been  shown  on  any  of  these  photographs,  with 
the  exception,  perhaps,  of  one  of  the  sun  photographs  made  in 
India  which  caught  a  distant  bird  in  its  flight  and  showed  clearly  its 
head  and  outspread  wings  projected  against  the  sun. 

Just  as  this  continuous  photographing  of  the  sun's  surface  has 
forever  disposed  of  the  alleged  frequent  transits  of  intra-mercnrial 
planets,  so  will  the  photographic  plate  finally,  when  it  has  attained 
more  perfection  in  dealing  with  tlie  planets,  snow  that  many  of  the 
strange  features  ascribed  to  the  surfaces  of  some  of  them  do  not 
exist. 

As  I  have  said,  the  early  photographs  of  eclipses  seem  to  have 
been  made  with  the  sole  end  in  view  of  securing  pictures  of  the  so- 
lar prominences.  This  was  very  important  at  first,  for  by  the 
photographs  it  was  proved  that  they  were  true  solar  phenomena. 
Possibly  also  in  the  very  first  photographs  a  picture  of  the  corona 
was  considered  a  hopeless  matter  on  account  of  the  lack  of  sen- 
sitiveness of  the  plates.^  The  eclipse  of  1868  is  memorable  for 
having  shown  Janssen  and  Lockyer  that  the  visibility  of  the 
prominences  did  not  necessarily  depend  upon  a  total  eclipse  of  the 
sun.  They  found  that  by  the  aid  of  the  spectroscope  the  promi- 
nences could  be  seen  and  studied  at  any  time.  This  was  an  ex- 
tremely important  step,  and  placed  our  knowledge  of  the  nature  of 
the  prominences  upon  a  firm  and  lasting  footing.  The  fact  that 
these  objects  could  be  made  visible  with  the  spectroscope  soon 
suggested  to  Professor  Young   the  idea  that  they  might  also  be 
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photographed  at  any  time;  and  in  1870  he  made  efforts  to  secure 
impressions. of  them  upon  the  photographic  plate,  and  met  with 
partial  success.  To  photograph  these  objects  successfully^  how- 
ever, required  the  invention  of  a  special  instrument,  for  the  older 
methods  must  necessarily  result  in  failure.  In  observing  the  prom- 
inences visually  with  the  spectroscope,  it  is  necessary  to  examine- 
them  through  a  slit  which  is  very  narrow  compared  with  the  height 
of  the  prominences ;  only  a  small  section  of  the  prominence  can 
therefore  be  seen  at  once,  and  to  see  it  all,  the  slit  must  be  moved 
over  the  prominence.  If  the  slit  is  widened,  more  of  the  object  is 
shown,  but  at  the  same  time  such  a  flood  of  light  is  admitted  that 
it  is  lost  in  the  glare.  If  an  instrument  could  be  devised  whereby 
the  slit  could  be  moved  in  front  of  a  photographic  plate,  success- 
ively exposing  to  the  plate  all  parts  of  the  prominence,  it  will 
readily  be  seen  that  ihe  entire  image  could  be  photographed.  To 
do  this  there  must  be  two  slits  moving  in  perfect  unison — one 
placed  across  the  sun  in  front  of  the  grating  or  prism,  the  other  in 
front  of  the  photographic  plate  and  adjusted  perfectly  to  the  spec- 
tral line  of  the  prominence,  so  as  to  exclude  all  light  save  that 
emitted  by  the  prominence  itself;  and  thus,  by  the  gradual  motion 
of  these  two  slits,  the  entire  object  is  successively  uncovered  and 
an  exact  photograph  secured  of  it. 

The  solar  prominences  consist  mainly  of  incandescent  hydrogen 
and  calcium.  The  best  results  are  secured  by  calcium  alone.  It 
is  curious  to  see  photographs  of  the  same  prominence  made  by 
using  the  hydrogen  and  calcium  lines  independently ;  these  pictures 
often  differ  considerably,  thereby  showing  the  peculiarity  of  dis- 
tribution of  the  calcium  and  hydrogen  in  the  same  prominence. 
The  two  components  are  differentiated,  and  it  is  thus  shown  just 
what  part  each  component  takes  in  the  composition  of  the  promi- 
nence. To  make  one  of  these  pictures  takes  several  minules  of 
exposure,  during  which  time  the  slits  slowly  travel  over  the  region 
of  the  prominence.  This  extremely  ingenious  device  owes  its  ex- 
istence to  the  inventive  genius  of  Professor  Hale,  who  devised  and 
built  the  first  instrument  of  this  kind,  and  secured  the  first  actual 
spectroscopic  photograph  of  the  prominences.  These  first  pictures 
were  made  in  1891.  It  is  therefore  now  a  matter  of  no  great  labor 
to  make  not  only  photographs  of  single  prominences,  at  any  time, 
but  through  a  further  ingenious  extension  of  the  possibilities  of 
the  instrument  it  is  made  to  move  across  the  entire  sun's  disc. 
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thus  securing  every  prominence  at  that  time  visible.  By  hiding  the 
sun's  image  by  an  occulting  disc  in  the  first  sweep,  and  then  making 
a  second  similar  but  more  rapid  sweep  with  the  sun's  image  uncov- 
ered, the  sun  itself  with  all  its  faculse,  spots,  etc.,  is  impressed  in 
the  blank  space  left  for  it,  and  a  complete  picture  of  the  sun  and 
.all  its  surroundings,  with  the  exception  of  the  corona,  is  secured. 
This  is  the  method  employed  by  Professor  Hale  in  his  work.  These 
pictures,  however,  show  only  those  features  of  the  sun  which  are 
due  to  hydrogen  or  calcium,  and  the  solar  surface  thus  appears 
very  different  from  the  telescopic  view  of  it.  The  calcium  regions 
come  out  with  extraordinary  distinctness  ;  so  much  so,  indeed,  as  at 
times  to  completely  obliterate  the  sun  spots,  which  at  that  moment 
are  so  distinct  to  the  eye  with  the  same  telescope.  Admirable 
work  of  this  kind  has  also  been  done  by  M.  Deslandres  of  the 
Paris  Observatory,  who  has  devised  an  instrument  similar  to  that 
of  Professor  Hale. 

From  the  first  photograph  of  a  star  by  Bond  in  1850  to  the 
present  time,  stellar  photography  has  gradually  risen  to  a  promi- 
nence as  remarkable  as  it  is  important.  The  real  increase  of  im- 
portance in  this  work,  however,  has  occurred  within  the  past  ten  or 
fifteen  years,  since  the  successful  introduction  of  the  very  rapid  dry 
plate.  The  wet  or  collodion  process  was  poorly  adapted  to  the 
photography  of  the  stars,  and  of  no  use  whatever  for  comets  and 
nebulae.  As  implied  by  the  term  "  wet  process  "  the  plate  must 
remain  wet  through  the  entire  work  from  its  first  coating  with 
collodion  until  its  final  washing  as  a  negative.  The  exposure  time 
must  therefore  be  very  limited.  Not  only  was  the  exposure  of 
limited  duration  (from  fifteen  to  twenty  minutes),  but  the  plate  was 
very  slow  in  its  action  compared  with  the  dry  plate  of  to-day.  The 
combination  of  these  two  difficulties  made  it  impossible  to  pho- 
tograph anything  except  the  brighter  stars.  Dr.  Gould  at  Cordoba 
managed  to  increase  the  exposure  time  by  keeping  a  stream  of 
water  playing  over  the  plate.  This  however,  might  cause  a  deteri- 
oration of  the  film.  With  the  inherent  difficulties  of  the  wet  plate 
to  contend  with,  it  is  little  wonder  that  no  faint  stars,  nebulse 
or  comets  were  photographed.  Notwithstandmg  this,  the  photo- 
graphs df  the  star  clusters,  etc.,  of  the  southern  skies  obtained 
under  the  direction  of  Gould  with  an  11 -inch  photographic  refractor 
by  the  wet  process,  were  of  the  highest  value,  and  showed  upon  meas- 
urement a  striking  agreement  in  accuracy  with  visual  work.    The 


Digitized  by 


Google 


ADDRESS   BT   EDWARD   £.    BARNARD.  38 

same  can  be  said  of  Mr.  Rutherfurd's  photographs  of  the  Pleiades, 
Pi-jesepe,  etc.,  which  were  made  prior  to  Dr.  Gould's  and  which 
were  the  first  photographs  of  this  kind.  These  extremely  valuable 
photographs  of  Rntherfurd  are  now  receiving  a  most  thorough 
measurement  under  the  careful  supervision  of  Prof.  J.  K.  Rees  of 
Columbia  College,  where  Mr.  Rutherfurd's  negatives  are  stored. 
To  this  institution  Mr.  Rutherfurd  left  his  telescope  and  measuring 
instruments. 

In  1857,  Bond  had  shown  by  measurement  of  a  series  of  photo- 
graphs of  the  double  star  Mizar  that  the  highest  confidence  could 
be  placed  in  measures  of  star  plates.  This  has  been  fully  verified  in 
late  years  by  Gill,  Elkin  and  others.  Dr.  Elkin  showed  in  1889 
that  measures  of  a  photograph  of  the  Pleiades,  taken  by  Mr. 
Burnham  with  the  great  telescope  at  Mt.  Hamilton,  had  equal 
value  with  his  heliometer  measures  of  the  same  stars. 

From  the  necessary  conditions,  the  collodion  process  could  make 
no  advance  in  stellar  photography.  Previous  to  1876  exper- 
iments had  been  made  to  get  a  workable  dry  plate  and  for  the 
next  six  years  more  or  less  success  had  been  attained  in  their  man- 
ufacture. But  the  photographers  themselves  took  hold  of  these 
plates  with  much  caution  because  of  their  uncertainty.  By  1881  or 
1882,  however,  they  were  beginning  to  be  used  and  gave  consider- 
able promise  of  their  ultimate  value,  as  was  shown  by  the  photo- 
graphs of  the  comet  of  1881 ,  which  were  made  by  Draper  and 
Janssen.  These  were  the  first  photographs  ever  taken  of  a  comet. 
Efforts  had  been  made  to  secure  pictures  of  Donati's  comet,  in 
1858,  but  without  success. 

At  the  present  time  these  plates  are  made  so  sensitive  that  a  rifle 
bullet  can  be  photographed  in  full  flight ;  yet  some  of  the  celestial 
objects  now  photographed  are  so  faint  that  it  requires  many  hours' 
expK>8ure  with  these  same  plates  to  show  any  trace  of  them. 

In  the  fall  of  1882  the  world  was  thrilled  by  the  advent  of  a 
magnificent  comet  which  suddenly  appeared  near  the  sun  in  Sep- 
tember, and  for  the  next  four  or  five  months  delighted  astronomers 
with  the  splendor  of  its  display.  'Attracted  by  the  great  brilliancy 
of  the  comet.  Dr.  Gill  at  the  Cape  of  Good  Hope,  with  the  aid  of 
a  local  photographer  and  his  photographic  lens,  secured  a  fine 
series  of  photographs  of  the  comet  with  dry  plates.  When  these 
photographs  reached  the  northern  hemisphere  they  attracted  a 
great  deal  of  attention,  not  only  on  account  of  the  comet  itself, 
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but  also  from  the  number  of  stars  that  were  impressed  on  the 
plates.  At  this  period  the  Henry  Brothers  were  making  a  chart 
of  the  stars  along  the  ecliptic  in  their  search  for  asteroids.  They 
had  at  this  time  reached  the  region  of  the  Milky  Way,  and  the 
marvellous  wealth  of  stars  they  encountered  upon  entering  the 
boundaries  of  that  vast  zone,  completely  discouraged  them  in  their 
endeavors  to  caiTy  their  charts  through  •  the  rich  region  traversed 
by  the  ecliptic.  While  hesitating  as  to  the  advisability  of  contin- 
uing their  work,  the  photographs  of  the  great  comet  came  to  their 
notice.  They  were  struck  with  the  great  number  of  stars  shown 
on  these  pictures  along  with  the  image  of  the  comet.  The  idea  at 
once  occurred  to  them  that  they  could  use  this  wonderful  process 
to  make  their  charts.  It  was  to  this  simple  incident  that  the 
active  application  of  stellar  photography  of  to-day  is  due.  They 
began  at  once  the  construction,  with  their  own  hands,  of  a  suitable 
photographic  telescope  of  thirteen  and  one-half  inches  in  diame- 
ter for  the  photography  of  the  stars.  This  instrument  was  soon 
finished,  and  the  astronomical  world  knows  to-day  what  wonderful 
results  these  men  produced  with  it:  the  exquisite  star  pictures 
which  were  marvels  of  definition,  the  photographs  of  the  nebulae, 
of  Saturn  and  Jupiter,  the  moon,  etc.,  were  perfect  revelations. 

Jn  1859  Tempel,  at  Florence,  Italy,  had  found  a  diffused  come- 
tary-looking  nebula  connected  with  and  extending  soutliwesterly 
from  the  star  Merope  of  the  Pleiades.  From  that  time  on  astron- 
omers wrangled  over  this  object,  which  many  of  them  believed 
had  no  existence.  One  of  the  first  things  done  by  the  Henry 
Brothers  was  to  photograph  the  Pleiades.  These  pictures  showed 
nebulous  strips  near  Merope,  and  though  they  did  not  resemble 
any  that  had  been  drawn  by  the  numerous  observers  of  the  Merope 
nebula,  they  rather  confirmed  the  existence  of  Tempel's  object. 
Upon  these  plates  was  shown  a  new  nebula  connected  with  the 
star  Maia  where  none  was  previously  known.  It  required  the  most 
powerful  of  existing  telescopes  to  verify  this  visually.  This  was 
finally  done  however,  and  it  then  began  to  dawn  upon  astronomei'S 
what  great  possibilities  lay  in  the  photographic  plate  for  the  de- 
tection and  study  of  the  nebulae.  It  was  soon  seen  that  their 
light  was  strongly  photographic ;  that  it  was  really  more  actinic 
than  visual.  A  later  photograph  with  a  longer  exposure  showed 
the  Merope  nebula  just  as  the  best  observers  had  drawn  it,  and 
at  the  same  time  filled  the  entire  group  of  stars  with  an  eutang- 
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liDg  system  of  nebulous  matter  which  seemed  to  bind  together 
the  different  stars  of  the  group  with  misty  wreaths  and  streams  of 
filmy  light,  nearly  all  of  which  is  entirely  beyond  the  keenest  vision 
and  the  most  powerful  telescope.  This  was  a  revelation :  the 
question  had  often  been  asked  whether  it  would  ever  be  possible 
to  photograph  as  faint  a  celestial  body  as  could  be  seen  with  a 
powerful  telescope.  Here  was  the  answer.  It  was  not  only  pos- 
sible to  photograph  some  of  the  faintest  objects  seen  in  the  tele- 
scope, but  it  was  possible  also  to  photograph  some  others  which 
could  never  be  seen  in  the  sky.  Jn  one  of  his  reports  admiral 
Mouchez  called  attention  to  the  fact  that  the  only  way  they  could 
see  the  satellite  of  Neptune  at  the  Paris  Observatory  was  on  the 
photographs  made  by  the  Henry  Brothers,  for  they  had  no  tele- 
scope suflSciently  powerful  to  show  it  visually. 

The  Henrys  applied  themselves  assiduously  to  celestial  photog- 
raphy, with  the  most  remarkable  success.  They  led  the  world  in 
this  work.  While  they  were  at  the  height  of  their  activity,  as- 
tronomers elsewhere  were  but  beginning  to  awaken  to  the  great 
importance  of  the  subject.  And  yet  there  seems  to  have  been 
essentially  no  public  recognition  of  the  work  of  these  two  men  to 
whom  astronomy  owes  so  much.  Jn  personal  appearance  and  tem- 
perament they  are  so  extremely  dissimilar  that  one  would  scarcely 
take  them  to  be  brothers.  Up  to  the  time  they  began  their  photo- 
graphic work,  they  had  between  them  discovered  fourteen  asteroids 
by  the  slow  and  tedious  visual  process  of  picking  them  out  by  their 
motion  from  the  countless  thousands  of  small  stars.  If  one  ex- 
amines a  list  of  the  asteroids,  he  will  be  struck  with  the  manner  in 
which  these  fourteen  small  planets  are  recorded.  According  to  this 
list  the  first  one  of  these  was  discovered  in  1872  by  Prosper  Henry, 
the  next  one  by  Paul  Henry,  and  so  on  alternately  throughout  the 
entire  fourteen,  until  1879,  when  the  last  one  found  was  attributed 
to  Paul  Henry,  it  is  a  curious  fact,  and  one  which  will  be  readily 
understood  by  all  who  are  acquainted  with  the  unselfish  affection 
existing  between  these  two  brothers,  that  the  credit  for  the  dis- 
covery of  these  fourteen  minor  planets  is  ascribed  alternately  to 
Prosper  and  Paul  Henry.  I-t  is  likely  we  shall  never  know  which 
brother  discovered  any  one  of  these  planets. 

Singuhirly  enough,  the  photographic  plate  not  only  did  away 
with  the  necessity  of  making  these  charts  by  eye  and  hand  to  facil- 
itate the  discovery  of  asteroids,  but   it  also  did  away  with  the 
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necessity  of  the  charts  themselves  for  that  purpose ;  for  the  little 
planet,  which  is  moving  among  the  stars,  now  registers  its  own  dis- 
covery by  leaving  a  short  trail  —  its  path  during  the  exposure  — 
on  the  photographic  plate.  The  first  of  these  photographic  dis- 
coveries of  asteroids  was  njade  by  Dr.  Max  Wolf,  in  1892.  They 
are  now  found  wholesale  in  this  manner  by  photography. 

It  was  the  success  of  the  Henry  Brothers*  work  that  led  to  the 
International  Astro- Photographic  Congress  which  met  at  Paris  in 
1886.  It  was  their  work  that  caused  this  Congress  to  meet  at 
Paris.  The  Congress  adopted  the  Henry  Brothers'  lens  as  a  model 
for  the  instruments  to  be  used,  and  the  work  of  this  great  under- 
taking was  based  on  that  of  the  Henry  Brothers.  It  was  stated 
once  by  Admiral  Mouchez  that  every  object  glass  at  the  Paris  Ob- 
servatory had  either  been  made  by  the  Henrys  or  refigured  by 
them. 

Perhaps,  as  Dr.  Dick  himself  thought  in  the  early  days  of  pho- 
tography, the  most  unpromising  subject  for  the  photographic  plate 
to  deal  with  was  the  nebulae.  Most  of  these  objects  appeared  so 
feeble  in  their  light  that  but  little  encouragement  in  that  direction 
was  offered  the  celestial  photographer. 

One  of  the  brightest  and  most  promising  of  the  nebulae  is  that 
in  the  sword  of  Orion,  and  this  was  naturally  one  of  the  first  of 
these  objects  to  receive  photographic  attention.  In  September, 
1880,  Dr.  Henry  Draper  began  the  photography  of  the  nebulae 
with  this  object,  and  succeeded  with  fifty-one  minutes'  exposure, 
using  the  dry  plate,  in  getting  a  good  picture  of  the  brighter  por- 
tions of  the  nebula.  This  was  the  first  nebular  photograph.  With 
104  minutes*  exposure  in  March,  1881,  with  an  11-inch  refractor, 
he  secured  a  still  better  plate  which  showed  stars  down  to  the 
14.7  magnitude,  which  were  visually  beyond  the  reach  of  the  same 
telescope.  But  in  March,  1882,  he  obtained  the  best  picture  of 
this  wonderful  nebula  with  an  exposure  of  137  minutes.  These  pic- 
tures marked  a  new  era  in  the  study  of  the  nebulae.  When  these 
results  were  communicated  to  the  French  Academy  by  Dr.  Draper, 
Janssen  took  up  the  subject  with  a  silver-on-glass  mirror  of  very 
short  focus,  having  the  extraordinary  ratio  of  aperture  to  focus  of 
J  ;  the  aperture  being  twenty  inches,  with  a  focus  of  sixty-three 
inches.  This  remarkable  instrument  was  constructed  in  1870  for 
the  total  solar  eclipse  of  1871.  With  this  Janssen  found  it  easy  to 
photograph  the  brightest  parts  of  the  nebula  with  comparatively 
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short  exposures.  This  extremely  powerful  photographic  instrument 
seems  to  have  been  unused  for  the  past  fifteen  years ;  but  very  re- 
cently it  has  been  brought  into  use  again  J  understand  with  the 
most  astonishing  results  in  photographing  the  nebulae.  Unfortu- 
nately for  science,  the  death  of  Dr.  Draper  in  1882  put  a  stop,  in 
America,  to  the  work  he  had  inaugurated.  But  it  was  at  once  taken 
up  in  England  by  Common,  who  with  a  3  foot  reflector  attained  rapid 
and  immediate  success.  His  photographs  of  the  great  nebula  of 
Orion  are  still  classic.  Tiiey  were  a  great  advance  over  the  work 
of  Draper  for  the  reflector  was  not  only  a  larger  telescope,  but  was 
also  better  adapted  for  photographic  purposes,  and  especially  for 
photographing  the  nebulae.  In  January,  1883,  with  only  thirty- 
seven  minutes'  exposure,  he  secured  what  was  by  far  the  most 
striking  and  beautiful  picture  which  had  yet  been  taken  of  the  great 
nebula.  These  pictures  greatly  extended  the  region  of  nebulosity 
and  the  delicate  details  were  also  better  shown. 

The  writer  remembers  how  much  he  was  impressed  a  few  years 
later  with  the  beauty  of  one  of  Common's  photographs.  It  created 
in  him  the  first  ambition  to  do  work  of  this  kind.  Indeed,  this 
picture,  and  one  of  a  densely  crowded  region  of  a  part  of  the  con- 
stellation of  Cygnus  by  the  Henry  Brothers,  first  called  his  atten- 
tion to  the  great  value  of  the  photographic  plate  for  astronomical 
purposes.  It  was  at  this  time  that  the  writer  conceived  the  idea 
of  photographing  the  Milky  Way,  though  the  experiments  were 
not  then  successful  for  the  want  of  a  proper  instrument.  The 
great  nebula,  which  lias  always  had  such  a  fascination  for  astron- 
omers, was  subsequently  taken  up  by  Isaac  Roberts,  who,  by  very 
prolonged  exposures,  still  further  extended  the  nebulous  region  and 
secured  very  beautiful  pictures  of  it.  Among  the  finest  photographs 
of  this  object  that  have  been  made  in  recent  years  is  one  taken 
by  Dr.  H.  C.  Wilson  at  Northfield,  Minn.,  with  an  8-inch  photo- 
graphic refractor  with  an  exposure  of  nine  hours.  The  amount 
and  sharpness  of  detail  shown  on  this  beautiful  photograph  are  very 
striking,  and  essentially  embrace  all  that  has  been  done  on  this 
nebula  by  a  photography  up  to  the  present  time. 

The  great  nebula  of  Andromeda  has  been  known  to  astronomers 
for  upwards  of  a  thousand  years,  as  it  is  a  rather  noticeable  object 
with  the  naked  eye.  It  has  received  its  full  share  of  attention  ever 
since  the  invention  of  the  telescope.  It  also  appears  to  be  a  vast 
body  of  gaseous  matter  shining  far  away  in  the  depths  of  space. 
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but  it  seems  to  be  in  a  different  condition  from  that  of  the  great 
nebula  of  Orion,  for  its  spectrum  is  continuous  and  does  not  show 
the  bright  lines,  indicating  an  incandescent  gas,  which  are  present 
in  the  spectrum  of  the  Orion  nebula.  Though  the  mystery  of  its 
physical  condition  has  not  yet  been  solved,  photography  has  at 
least  shown  us  its  true  form.  It  has  ceased  to  be  the  long  spindle- 
shaped  body  of  the  elder  Ilerschel,  or  the  broad  irregular  object, 
with  two  dark  parallel  channels  in  one  side,  as  drawn  by  the  Bonds 
and  Trouvelot.  The  photographic  plate  reveals  to  us  in  their 
place  a  beautiful  symmetrical  mass  of  nebulous  matter  surrounded 
with  several  more  or  less  concentric  rings,  claimed  by  some  astron- 
omers to  be  a  representation  of  the  nebular  hypothesis  of  La  Place 
in  full  operation.  The  first  picture  to  show  the  true  form  of  this 
wonderful  object  was  taken  in  1885  with  a  20-inch  reflector  by 
Roberts.  It  does  not,  however,  require  a  powerful  photographic 
telescope  to  show  its  peculiar  features,  for  a  6-inch  portrait  lens 
will  show  the  riags  well  with  anything  above  one  hour's  exposure. 

Important  photographs  of  some  of  the  spiral  nebulte,  and  espec- 
ially of  the  ''whirlpool  nebula"  of  Lord  Rosse,  were  made  as  early 
as  1888  by  von  Gothard  with  a  10-inch  reflector.  Excellent  pho- 
tographs of  these  objects  have  also  been  obtained  by  Dr.  Roberts. 

While  it  is  absolutely  necessary  to  use  a  considerable  photo- 
graphic telescope  for  the  accurate  registration  of  star  positions, 
etc.,  where  measures  of  precision  are  required,  there  are  a  great 
number  of  objects  in  the  sky  which  are  not  necessarily  subject  lo 
measurement,  and  which  for  their  greatest  value  require  a  simple 
pictorial  representation.  The  Milky  Way,  one  of  the  most  beau- 
tiful and  certainly  the  most  stupendous  of  the  celestial  features, 
is  not  susceptible  of  accurate  measurement.  The  individualizing 
and  measurement  of  all  its  stars  would  be  the  most  hopeless  task 
imaginable.  Nor  would  such  a  task  be  of  any  very  great  impor- 
tance could  it  be  accomplished  as  a  whole,  for  we  could  not  form 
any  special  idea  of  its  structural  peculiarities  from  such  a  work. 
Though  a  conspicuous  object  to  the  unaided  eye,  the  view  we  thus 
get  of  it  is  not  suflSciently  tangible,  from  the  lack  of  details,  to 
enable  one  to  form  any  more  than  a  crude  idea  of  its  coarser  fea- 
tures. But  even  the  naked-eye  view  of  it  is  far  more  comprehen- 
sive than  a  catalogue  would  be  containing  accurate  determinations 
of  all  its  individual  stars.  What  is  required  therefore  in  the  study 
of  this  wonderful  object — this  mighty  universe  of  stars —  is  some- 
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thing  that  will  increase  the  penetration  of  our  vision,  and  at  the 
same  time  give  us  a  certain  amount  of  accuracy  of  position  with  a 
large  field  of  view,  so  that  we  may  study  its  peculiarities  of  sti'uc- 
ture  in  detail,  and  at  the  same  time  closely  locate  these  details  with 
reference  to  the  whole ;  and  thus,  b}'  finally  putting  structure  and 
detail  together,  form  a  comprehensive  idea,  not  only  of  the  details 
themselves  but  also  of  the  relation  of  these  features  to  each  other. 
The  long-focus  telescope  with  a  very  limited  field  is  not  capable  of 
dealing  with  the  Milky  Way  in  the  manner  stated.  Its  structural 
details  are  very  large,  far  larger  in  general  than  is  the  field  of  view 
of  the  ordinary  photographic  telescope,  and  vastly  greater  than 
that  of  a  powerful  visual  telescope.  We  want  therefore  a  short- 
focus  instrument,  one  capable  not  only  of  taking  in  a  wide  part  of 
the  sky,  but  also  of  giving  a  brilliant  image,  or  in  other  words, 
the  reduction  of  the  large  details  to  a  smaller  scale  with  a  corre- 
spondingly great  increase  of  effective  light-power.  These  con- 
ditions exist  in  the  large  portrait  lenses  which  were  needed  in  the 
early  days  of  photography  to  reduce  the  exposure  time  by  collect- 
ing a  great  quantity  of  light  from  the  object,  and  which  in  these 
days  of  rapid  dry  plates  are  no  longer  required  for  portrait  work. 
Taking  in  some  ten  or  twelve  degrees  of  the  sky,  these  lenses  are 
specially  suitable  for  photographing  large  surfaces  such  as  are  pre- 
sented by  the  Milky  Way. 

This  subject  was  taken  up  by  the  writer  in  the  first  part  of 
1889,  at  the  Lick  Observatory  with  a  large  6-inch  portrait  lens 
of  thirty-one  inches  focus,  and  with  it  was  inaugurated  the  photog- 
raphy of  the  Milky  Way.  The  first  picture  to  show  the  real 
structure  of  the  Milky  Way  was  made  in  1889,  with  this  instru- 
ment. In  the  few  following  years  a  large  series  of  photographs, 
of  those  portions  of  the  Milky  Way  seen  from  the  northern  hem- 
ispliere,  was  made.  The  work  with  similar  instruments  was  next 
taken  up  by  Dr.  Max  Wolf,  in  Germany,  who  has  also  succeeded 
in  making  excellent  pictures  of  the  Milky  Way.  Mr.  Russel,  of 
Sydney,  New  South  Wales,  has  also  photographed  portions  of  the 
southern  part  of  the  Milky  Way  with  a  large  portrait  lens.  Those 
who  have  seen  some  of  the  Milky  Way  photographs  taken  with 
the  regular  Astro-Photographic  telescope,  or  who  have  tried  to 
make  out  its  complex  structure  with  a  visual  telescope,  must  be 
struck  with  the  great  beauty  of  a  photograph  made  with  one  of 
these  short-focus  portrait  lenses.     The  extraordinary  complexity 
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of  structure  of  the  Milky  Way  is  brought  out  with  marvellous 
beauty  of  detail,  and  the  peculiarities  of  its  different  portions  can 
be  traced  and  connected  in  the  different  photographs,  which  thus 
afford  the  most  direct  means  for  studying  every  feature  of  struc- 
ture and  detail.  These  pictures  show  many  peculiarities  which 
must  materially  alter  our  ideas  of  the  constitution  and  structure  of 
the  Milky  Way.  Some  of  them  show  strong  evidence  that  the  gen- 
eral body  of  the  Milky  Way  may  be  made  up  of  small  stars  which 
are  not  at  all  comparable  with  our  sun  in  dimensions.  This  is 
especially  shown  in  the  region  of  the  star  Rho  Ophiuchi.  Many 
parts  of  the  Milky  Way  appear  to  be  comparatively  thin  sheetings 
of  stars  with  relatively  no  very  great  depth,  for  it  is  not  possible 
otherwise  to  explain  the  black  holes  and  rifts  shown  in  them.  One 
of  the  most  important  revelations  made  by  the  portrait  lens  in 
connection  with  the  Milky  Way,  is  the  presence  in  it  of  very  dif- 
fused nebulous  matter  apparently  freely  mixed  with  the  ground- 
work of  stars,  and  seemingly  showing  no  definite  tendency  to 
condensation  about  the  individual  stars.  These  photographic 
nebulosities  of  the  Milky  Way  are  apparently  of  a  different  nature 
from  the  ordinary  nebulas  of  the  sky,  since  they  are  extraordina- 
rily large,  (Hff  used  and  but  feebly  luminous.  These  nebulous  re- 
gions seem  to  be  peculiar  to  the  Milky  Way  and  its  vicinity,  and 
are  certainly  in  some  way  physically  connected  with  it.  Jt  will  be 
in  the  study  by  photography  of  such  regions  that  we  shall  finally 
clear  away  some  of  the  mysteries  of  the  Milky  Way.  These  masses 
of  diffused  nebulosity  mainly  affect  regions  of  the  sky  in  Scorpio, 
Cygnus,  Cepheus,  Perseus  and  Monoceros.  I  believe  it  to  be  true 
that  no  other  form  of  telescope  but  the  old-time  portrait  lens,  or 
similar  combination  is  capable  of  dealing  with  these  extraordinary 
objects. 

It  was  not  until  the  study  of  the  phenomena  of  comet  tails  with 
portrait  lenses  that  we  knew  anything  of  the  strange  phenomena 
shown  by  them.  It  may  be  said  that  our  knowledge  of  the  ex- 
tremely rapid  transformations  in  the  tails  of  comets  dates  from  the 
photographs  of  Swift's  Comet  of  1892,  taken  at  the  Lick  Obser- 
vatory, with  the  lens  previously  mentioned,  and  by  Prof essor  Pick- 
ering at  Arequipa  with  a  similar  instrument.  Although  the  great 
comet  of  1882  was  successfully  photographed,  it  showed  no  phe- 
nomena not  known  and  already  seen  with  the  telescope.  While 
only  an  insignificant  affair  visually,  and  but  fairly  visible  to  the 
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naked  eye,  Swift's  comet  showed  upon  the  photographic  plates  the 
most  extraordinary  and  rapid  transformations  yet  seen  in  any 
comet.  One  day  ils  tail  would  be  separated  into  at  least  a  dozen 
individual  streams  and  the  next  present  only  two  broad  streamers, 
which  a  day  later  had  again  separated  into  numerous  strands,  with 
a  great  mass,  apparently  a  secondary  comet,  appearing  some  dis- 
tance back  of  the  head  in  the  main  tail,  with  a  system  of  tails  of 
its  own.  This  remarkable  appearance  was  the  first  known  of  its 
kind,  though  it  was  repeated  in  the  photographs  of  Rordame's 
Comet  of  1893  made  by  Professor  Hussey.  These  peculiar  phe- 
nomena seem  to  be  a  production  of  the  comet  itself — a  result  of 
the  forces  at  work  in  the  head  of  the  comet. 

The  photographs  of  Brooks*  Comet  of  1893,  also  secured  with 
the  WiUard  lens,  showed  such  an  extraordinary  condition  of 
change  and  distortion  in  the  tail  as  to  suggest  some  outside  influ- 
ence, such  as  the  probable  collision  of  the  tail  with  some  resisting 
medium,  possibly  a  stream  of  meteors,  such  as  we  know  exist  in 
space.  The  long  series  of  photographs  obtained  of  this  comet 
frequently  showed  great  masses  of  cometary  matter  drifting  away 
into  space,  probably  to  become  meteor  swarms.  One  of  the  pic- 
tures showed  the  tail  of  the  comet  streaming  irregularly  as  if  beat- 
ing against  a  resisting  medium  and  sharply  bent  at  right  angles 
near  the  end,  as  if  at  that  point  it  encountered  a  stronger  current  of 
resistance.  All  of  these  wonderful  phenomena  would  have  been 
unknown  to  astronomers  had  it  not  been  for  these  photographs, 
and  the  comet,  instead  of  proving  to  be  one  of  the  most  remarkable 
on  record,  would  have  passed  without  special  notice.  Though  these 
phenomena  were  so  conspicuously  shown,  scarcely  any  trace  of  the 
disturbance  was  visible  with  the  telescope.  On  account  of  the  ap- 
parent insignificance  of  the  comet  visually,  no  photographs  were 
made  of  it  elsewhere  during  its  active  period. 

In  the  matter  of  discovery,  the  photographic  plate  has  accom- 
plished a  Very  great  amount  in  certain  directions.  In  spectroscopic 
work,  it  has  a  field  singularly  suitedto  display  its  possibilities.  In 
this  direction  it  deals  not  alone  with  what  can  be  seen,  but  it  enters 
into  the  unseeable  regions  where  the  eye  takes  no  cognizance  of 
things  ;  for,  though  it  is  partly  blind  to  the  light  which  affects  the 
eye,  it  can  readily  penetrate  regions  where  we  in  turn  are  blind. 
And  it  is  in  this  direction  mainly  where  tLe  photographic  discov- 
eries   in    spectrum   analysis  are   immediately  concerned,  since  it 
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extends  our  vision  into  the  invisible  regions  of  the  spectrum.  The 
result  must  necessarily  be  one  of  discovery.  It  not  only  faithfully 
records  -spectral  Uoes  that  can  not  otherwise  be  seen,  but  by  special 
treatment  of  the  plate  it  also  registers  those  visible  to  the  eye,  and 
permits  their  accurate  measurement. 

From  Doppler*s  principle,  it  is  known  that  the  spectral  lines 
have  a  normal  position  only  while  the  object  whose  light  is  under 
examination  is  motionless  in  the  line  of  sight.  When  it  is  in  mo- 
tion to  or  from  us,  these  lines  are  displaced  from  their  normal 
position,  in  the  first  case  towards  the  violet  region  of  the  spectrum, 
and  in  the  other  towards  the  red.  By  comparing  any  of  the  lines 
in  the  spectrum  of  a  heavenly  body  with  the  same  lines  in  the 
spectrum  of  a  stationary  object,  it  is  possible  to  tell  not  only  the 
direction  of  motion  of  the  moving  object,  but  to  determine  accu- 
rately the  amount  of  this  motion,  for  there  is  a  known  relation 
between  the  amount  of  displacement  and  the  actual  velocity,  and 
this  is  independent  of  the  distance. 

This  peculiarity,  besides  showing  the  motions  of  the  individ- 
ual stars,  has  revealed  to  us  through  the  aid  of  photography  an 
entirely  new  class  of  bodies,  the  so-called  spectroscopic  binaries. 

The  visual  spectroscopic  work,  long  ago,  in  the  hands  of  Dr. 
Huggins,  had  shown  the  displacement  of  the  spectral  lines  as  the 
stars  moved  towards  or  from  us.  It  remained,  however,  for  pho- 
tography to  extend  further  this  remarkable  work  by  showing  that 
not  only  were  the  lines  displaced,  but  that  in  the  case  of  certain 
of  the  stars  the  lines  were  periodically  doubled  at  short  intervals, 
thus  indicating  the  presence  of  two  bodies  which  must  be  rapidly 
revolving  about  each  other ;  the  doubling  of  the  lines  being  due 
to  the  alternate  approach  of  one  and  recession  of  the  other  body  — 
which  thus  causes  a  displacement  of  the  two  sets  of  spectra,  for 
when  the  motion  is  at  right  angles  to  the  line  of  sight  (and  this 
must  occur  at  two  points  in  the  orbit)  the  two  spectra  will  be  ex- 
actly superposed.  It  can  readily  be  shown  from  the  known  periods 
of  these  stars  and  their  enormous  distances  that  no  telescope  is 
likely  to  be  made  so  powerful  as  to  show  visually  their  independ- 
ent components.  The  visual  double  star  having  the  shortest 
period  is  one  discovered  \>y  Burnham,  and  known  as  Kappa 
Fegasi,  which  he  found  to  have  a  period  of  about  eleven  years. 
The  spectroscopic  binaries  seem  to  revolve  in  extremely  short 
periods  —  a  few  days  —  and  in  at  least  one  case  in  a  few  hours. 
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showing  that  they  must  be  extremely  close  to  each  other.  The 
explanation,  to  account  for  the  observed  peculiarities  of  their 
spectra,  that  these  are  actual  double  stars  in  rapid  orbital  motion 
must  be  accepted  until  some  better  explanation  of  the  phenome- 
non be  forthcoming,  which  does  not  at  present  seem  likely  to 
occur. 

Among  the  first  of  these  spectroscopic  binaries  discovered  was 
Beta  Aurigee  which  was  detected  at  the  Harvard  College  observa- 
tory by  Miss  Maury,  through  the  doubling  of  its  spectral  lines  as 
shown  on  the  various  photographs  obtained  of  it  at  that  observa- 
tory. This  star  has  a  period  of  four  days,  the  relative  motion  of 
the  components  about  each  other  bein^  about  one  hundred  and 
fifty  miles  a  second,  and  the  distance  between  them  about  six 
millions  of  miles.  In  a  similar  manner.  Dr.  Vogel  has  found  tha*^ 
the  star  Algol  —  so  famous  for  its  light  variations  —  alternately 
approaches  us  and  recedes,  in  a  manner  that  can  only  be  explained 
at  present  by  the  revolution  of  that  star  about  some  other  body 
or  about  the  center  of  gravity  of  the  two.  The  spectrum  of  this 
star  does  not  show  any  doubling  of  the  lines,  but  a  simple  displace- 
ment from  one  side  to  the  other  of  their  normal  position  occurs 
consistent  with  the  changes  of  the  star's  light.  As  there  is  no 
doubling  of  the  lines,  the  conclusion  is  that  there  is  but  one  spec- 
trum. One  of  the  stars  is  therefore  a  non-luminous  body,  rind 
hence  produces  no  spectrum.  The  old  explanation  of  two  hundred 
years  ago,  that  the  variation  in  the  light  of  Algol  is  due  to  a  dark 
body  revolving  about  it  and  partially  eclipsing  it  at  intervals  of  a 
little  less  than  three  days,  is  hence  proved  by  the  spectroscope  and 
photography  to  be  the  correct  one.  The  frequent  discovery  of 
these  spectroscopic  binaries  shows  that  they  are  by  no  means  un- 
common, and  that  possibly  a  considerable  percentage  of  the  stars 
consists  of  two  or  more  bodies  rapidly  whirling  about  each  other. 

The  beautiful  phenomenon  of  the  displacement  of  the  spectral 
lines  through  motion  in  the  line  of  sight  has  given  rise  to  many 
important  and  interesting  results,  but  certainly  none  more  striking 
than  that  offered  by  Professor  Keeler's  spectroscopic  proof  of  the 
meteoric  constitution  of  the  rings  of  Saturn.  It  was  suggested  soon 
after  the  discovery  of  the  rings  that  they  must  be  made  up  of  dis- 
crete particles  revolving  in  zones  about  the  planet,  which  from  their 
smallness  and  great  distance  from  us,  gave  the  appearance  of  a 
system  of  solid  rings  encircling  Saturn.     This  had  been  shown 
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by  Clerk  Maxwell  to  be  a  mathematical  necessity,  and  as  the  rings 
lay  within  Roches*  limit,  within  which  a  large  solid  body  would  be 
broken  up  in  revolving  about  a  planet  by  the  unequal  attraction  of 
the  planet  itself,  it  was  certain  that  the  rings  must  consist  of  small 
individual  bodies.  It  remained  for  the  specti'oscope,  through  the  aid 
of  photography,  to  add  its  testimony  to  that  of  mathematical  analy- 
sis. The  problem  offered  to  the  spectroscope  was  simply  to  show 
whether  the  inner  or  the  outer  portion  of  the  lings  moved  the 
faster.  Should  they  revolve  as  a  solid  body,  the  outer  edge  must 
necessarily  have  the  greater  velocity.  But  if  they  are  made  up  of 
individual  particles,  then  the  attraction  of  the  planet  would  cause 
those  nearest  to  it  to  move  the  fastest,  or  in  other  words,  the  inner 
part  of  the  rings  must  have  the  greater  velocity.  This  beautiful 
problem  was  successfully  solved  by  the  photographs  of  the  spec- 
trum of  the  rings  obtained  by  Professor  Keeler,  whei'e  the  dis- 
placement of  the  spectral  lines  by  motion  in  the  line  of  sight 
showed  thtit  the  inner  portion  of  the  rings  moved  faster  than  the 
outer,  and  hence  that  the  rings  must  consist  of  small  bodies  re- 
sponding individually  to  the  attraction  of  the  planet 

The  discovery  of  variable  stars  by  photography  can  be  com- 
pared with  the  wholesale  business  in  commercial  circles,  because 
of  the  great  numbers  that  are  found  on  the  various  plates.  These 
stars  are  not  only  found  by  the  actual  variation  of  their  light,  as 
shown  by  the  size  of  their  images  on  different  plates,  but  many  of 
them  also  show  peculiarities  in  their  spectra,  which  at  once  stamps 
them  as  being  members  of  a  certain  class  of  variable  stars.  So 
expert  has  Mrs.  Fleming  of  the  Harvard  College  Observatory  be- 
come in  detecting  these  bodies  by  their  spectra  that  she  instantly 
recognizes  them  at  a  glance  among  hundreds  of  others  on  the  same 
plate. 

The  most  interesting  and  important  of  these  Harvard  College 
variable  star  discoveries  are  found  in  the  photographs  of  tiie 
globular  clusters  taken  by  Professor  Bailey  with  the  13-inch  tele- 
scope at  Arequipa,  Peru.  It  was  found  that  a  great  many  of 
the  small  stars,  that  make  up  these  clusters,  varied  regularly  and 
rapidly  in  their  light  and  in  some  cases  a  large  percentage  of  the 
entire  mass  of  stars  was  variable.  So  abundant  are  these  variables 
indeed,  that  as  many  as  a  hundred  of  them  have  been  found  in  a 
space  in  the  sky  that  would  be  covered  by  a  pin's  head  held  at  the 
distance  of  distinct  vision. 
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The  clusters  most  prolific  in  variables  are  M  3,  Omega  Centanri, 
M  5,  and  a  few  others  of  this  class.  Perhap's  the  most  remarkable 
circumstance,  outside  of  the  actual  grouping  of  variables  in  such 
great  numbers,  is  the  fact  that  not  a  single  variable  star  has  been 
found  in  the  great  cluster  of  Hercules, ^  the  best  known  of  these 
objects,  and  apparently  like  them  in  all  other  respects.  Professor 
Pickering  finds  every  star  in  this  cluster  constant  in  its  light  from 
the  photographic  evidence  extending  through  ten  years.  This 
would  seem  to  mark  this  great  cluster  as  being  physically  very 
different  from  the  others  referred  to. 

The  writer  has  examined  the  cluster  M5  with  the  great  telescope 
of  the  Yerkes  Observatory  and  has  visually  verified  a  number  of 
these  variables.  The  brighter  of  them  appear  to  vary  slowly  in 
their  light,  while  many  of  the  smaller  ones  are  extremely  rapid, 
passing  through  their  entire  light  changes  in  a  few  hours.  In  the 
discovery  of  such  objects,  photography  offers  special  advantages  ; 
since  on  the  different  photographs  a  thousand  or  more  stars  can  be 
rapidly  and  accurately  compared  with  each  other,  and  any  varia- 
tion in  their  light  at  once  detected,  while  such  comparisons  in  the 
actual  sky,  visually,  would  be  limited  to  a  very  few  stars.  By  the 
aid  of  the  Harvard  photographic  plates,  over  five  hundred  variable 
stars  have  been  discovered  in  these  clusters.  It  must  be  said,  how- 
ever, in  speaking  of  the  variables  in  the  cluster  M  5,  that  the  two 
most  prominent  ones  were  readily  discovered  visually  nearly  ten 
years  ago  by  Mr.  D.  Packer,  with  a  very  small  telescope.  These 
two  seem  to  have  been  the  first  of  the  variable  stars  found  in  this 
cluster. 

The  shortest  period  variable  so  far  discovered  in  the  globular 
clusters  —  indeed  the  shortest  known  variable  —  is  a  small  star  in 
the  great  southern  cluster  Omega  Centauri,  whose  period  is  seven 
hours.  These  cluster  variables  seem  to  form  a  distinct  class  from 
the  ordinary  variable  stars.  It  is  very  interesting  to  watch  one  of 
these  small  stars  in  a  powerful  telescope  and  to  see  with  what 
quickness  it  passes  through  its  light  variation.  One  of  the  small 
stars  in  M  5,  whose  period  is  12**  31"*,  seems  to  be  dormant  for 
a  large  part  of  the  time,  as  a  very  faint  star,  invisible  in  ordinary 
telescopes.  It  begins  to  brighten,  and  in  two  or  three  hours  has 
risen  nearly  two  magnitudes,  and  faded  again  to  its  normal  con- 

1  ProfeBSor  Bailey  has  since  fonnd  that  two  of  the  stars  of  this  cluster  are  slightly 
Tarlable. 
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ditioD ;  while  another  aud  larger  star,  quite  near  it,  seems  to  re- 
quire a  month  or  more  to  go  through  its  light  fluctuation. 

Frequent  reference  has  been  made  to  the  work  of  the  Harvard 
College  Observatory.  It  is  to  be  regretted  that  time  does  not  per- 
mit a  more  detailed  account  of  this  work.  No  other  observatory 
is  so  active  in  the  application  of  photography  to  the  various  de- 
partments of  astronomy.  Not  content  with  the  available  sky  as 
seen  from  the  northern  hemisphere,  Professor  Pickering  wisely  es- 
tablished a  branch  observatory  at  Arequipa,  Peru,  where  a  thorough 
photographic  survey  of  the  southern  skies  has  been  made,  and  a 
vast  amount  of  work  of  high  value  has  been  accomplished,  which 
has  resulted  in  many  important  discoveries  among  the  southern 
stars. 

In  dealing  with  the  ordinary  stars  of  the  sky  it  has  been  shown 
that  measures  of  the  relative  positions  of  the  photographic  images 
are  strictly  comparable  with  meridian  circle  work,  while  the  num- 
ber of  stars  that  can  be  measured  is  vastly  greater.  The  Pleiades, 
the  cluster  of  Perseus,  Prcesepe  in  Cancer,  etc.,  have  all  been  meas- 
ured with  the  micrometer,  the  heliometer  and  by  photography. 
The  comparisons  have  shown  that  photography  has  many  advan- 
tages over  the  older  methods,  and  the  results  are  possibly  even 
more  accurate.  These  objects,  however,  are  loose  clusters  and  the 
stars  are  not  thickly  crowded,  and  moreover  the  small  scale  of  the 
photographic  plate  in  such  cases  does  not  seriously  interfere  with 
the  work.  The  great  globular  clustere  of  the  sky,  however,  from 
the  extraordinarily  crowded  condition  of  their  stars,  would  almost 
forbid  any  attempt  to  deal  with  the  individual  positions  by  photogra- 
phy, except  in  outlying  regions,  where  tlie  stars  are  thinly  scattered. 
No  comparison  between  photographic  and  visual  measures  of  such 
objects  has  yet  been  made,  because  no  visual  measurements  exist. 
The  great  cluster  of  Hercules  is  perhaps  the  easiest  of  these 
objects  both  visually  and  photographically.  It  requires,  however,  a 
powerful  telescope  to  measure  the  individual  stars.  Dr.  Scheiner 
has  given  a  catalogue  of  833  of  the  stars  of  this  cluster,  measured 
on  photographs  taken  with  the  13-inch  refractor  of  the  Potsdam 
Observatory.  The  stars  that  were  measured  all  lie  between  the 
magnitudes  11.7  and  14.  As  a  matter  of  comparison  with  vis- 
ual measures,  the  writer  has  taken  up  the  measurement  of  a  few 
of  the  stars  contained  in  Scheiner's  catalogue.  A  rough  inspec- 
tion of  the  results  so  far  obtained,  shows  a  close  agreement  be- 
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tween  the  visual  and  the  photographic  work.  These  observations 
also  show  tliat  no  appreciable  change  has  taken  place  in  the  posi- 
tions of  any  of  the  stars  in  the  past  six  years,  which  perhaps  is 
surprising,  since  one  would  expect  a  possible  rapid  change  in  some 
of  the  positions  of  the  individual  stars  where  they  are  massed  90 
closely  together.  They,  however  seem  to  be  as  stable  in  their 
relative  positions  as  are  the  stars  elsewhere  in  the  sky.  A  more 
remarkable  object  with  a  great  telescope  is  the  cluster  Messier  5, 
in  which  the  stars  are  more  closely  compressed  and  irresolvable 
than  in  the  cluster  of  Hercules.  This  object  has  already  been  men- 
tioned in  speaking  of  the  variable  stars  discovered  at  the  Harvard 
College  Observatory.  The  measurement  of  nearly  one  hundred  of 
these  small  stars  has  been  undertaken  with  the  great  telescope  of 
the  Yerkes  Observatory.  Many  of  them  are  apparently  in  the  very 
heart  of  the  cluster  where  the  compression  is  the  greatest.  It  is 
doubtful  if  at  this  time  photographs  can  be  made  of  this  cluster 
upon  which  the  crowded  individual  stars  in  the  center  can  be  accu- 
rately measured.  It  has  been  frequently  photographed,  but  no 
measures  have  been  made  of  the  great  mass  of  stars  in  the  center 
of  the  cluster. 

It  has  been  already  stated  that  the  accuracy  of  the  photographic 
positions  of  the  individual  stars  is  perhaps  as  great  as  the  best 
mendian  observations.  The  facility  and  ease  with  which  the  pho- 
tographic positions  are  obtained  are  well  shown  in  a  report  by 
Professor  H.  H.  Turner,  who  is  making  the  Oxford  portion  of 
the  great  Astrographic  catalogue.  An  average  of  3,951  measures 
per  week  is  obtained.  Over  one  hundred  and  fifty  stars  per  hour 
each  can  be  measured  by  those  most  skilled  in  this  work 

In  the  discovery  of  nebulae,  variable  stars  and  asteroids,  the 
photographic  plate  has  done  a  great  work  which  is  still  being 
carried  on.  The  number  of  known  asteroids  has  been  doubled  in 
the  past  few  years  (as  many  as  nine  have  been  found  in  a  single 
night)  and  now  it  has  become  a  matter  of  impossibility  to  keep 
track  of  them  all,  and  they  are  found  and  turned  adrift  again 
unless  they  show  some  striking  peculiarity  of  orbit. 

Up  to  the  present  time  but  two  comets  have  been  discovered  by 
photography.  The  first  of  these  was  discovered  on  a  photographic 
plate  taken  by  the  writer  on  October  12, 1892,  with  the  6-inch  Wil- 
lard  lens  of  the  Lick  Observatory  and  was  subsequently  verified 
visually,  and  observed  at  the  different  observatories.     The  second 
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was  discovered  at  the  same  observatory  by  Mr.  Coddington  with 
the  same  instrument,  in  July,  1898. 

In  photographing  the  sky,  it  is  found  that  the  shoi-t- focus  por- 
trait lens,  from  its  small  scale  and  large  field,  will  show  faint 
nebulosities  beyond  the  reach  of  the  larger  photographic  telescopes. 
This  results  from  various  causes.  The  action  of  these  lenses  upon 
the  Milky  Way,  comets'  tails  and  the  great  nebulosities  of  the  sky, 
does  not  seem  to  be  strictly  subject  in  practice  to  the  law  of  the 
ratio  of  aperture  to  focus ;  or,  if  it  is,  this  law  must  be  somewhat 
modified  in  effect.  The  action  seems  to  be  quicker  with  the  short- 
focus  lens  than  it  should  be.  Probably,  however,  much  of  this  is 
due  to  the  small  scale  and  the  consequent  compression  of  the 
image  into  a  smaller  space,  which  would  produce  an  intensification 
of  its  action.  It  is  possible  also  that  the  photographic  plate  may 
be  relatively  more  active  with  a  bright  image  than  with  a  faint  one, 
which  would  give  an  advantage  to  the  small  relatively  bright  image 
of  the  portrait  lens.  This  idea  seems  to  be  partly  borne  out  by 
some  experiments  with  a  small  lantern  lens.  This  lens  one  and  one- 
half  inches  in  diameter  and  about  five  and  one-half  inches  focus  is 
much  quicker  than  its  light  ratio  would  warrant,  for  it  will  photo- 
graph in  a  few  minutes  what  the  ordinaiy  quick-acting  portrait 
lens  would  require  several  hours  to  show.  This  was  strikingly 
shown  in  photographs  taken  with  it  of  the  Milky  Way.  The  scale 
of  this  lens  is  very  small,  and  the  cloud  forms  are  so  compressed 
that  they  act  as  a  surface,  and  not  as  an  aggregation  of  individual 
stars,  as  they  must  do  in  a  larger  telescope.  If  the  focus  is  in- 
creased, the  stars  are  scattered  and  the  cloud  no  longer  acts  as  a 
surface.  With  this  small  lens,  the  earth-lit  portion  of  the  new  moon 
was  readily  photographed  in  a  single  second,  while  with  a  6-inch 
portrait  lens  of  one  fifth,  from  twenty  to  thirty  seconds  were  re- 
quired to  show  it  well.  The  brighter  cloud  forms  of  the  Milky  Way 
were  shown  in  from  ten  to  fifteen  minutes'  time,  while  with  the 
larger  lens  upwarilsof  three  hours  were  required.  Some  of  the  dif- 
fused nebulosities  of  the  Milky  Way,  notably  in  the  region  of 
An  tares,  are  shown  more  quickly  and  more  satisfactorily  with 
this  small  lens,  and  a  great  wing-like  nebula  involving  the  star 
Nu  Scorpio  was  discovered  with  it. 

A  list  of  discoveries  made  with  these  small  lenses  would  be 
tedious ;  one  of  the  most  interesting,  however,  cannot  be  passed 
over  because  of  its  importance.     There  is  no  object  in  the  entire 


Digitized  by 


Google 


ADURKSS   BY    KDWARD    K.    BARNARD.  49 

heavens  better  known  than  the  great  nebula  of  Orion.  With  the 
lantern  lens,  a  great  curved  stream  of  nebulosity  was  shown  on 
the  plates  of  this  region,  covering  a  large  portion  of  the  constella- 
tion and  some  seventeen  degrees  long.  It  was  found  later  that 
this  had  already  been  discovered  by  Professor  Wm.  H.  Pickering 
with  a  two  and  a  half  inch  lens  in  1889.  This  object  seems  to  be 
an  outlying  appendage  of  the  great  nebula.  The  discovery  very 
much  extends  our  knowledge  of  the  complicated  and  far-reaching 
influence  of  this  mysterious  object.  In  several  other  cases  the  pho- 
tographic plate  has  shown  us  that  the  nebulae  arc  far  vaster  than 
we  had  ever  conceived  them  to  be,  for  their  fainter  extensions  are 
not  seen  by  the  eye.  To  what  this  knowledge  may  ultimately  lead 
in  the  i*econstruction  of  our  ideas  of  space  and  its  contents  can 
hardly  be  anticipated  just  now,  though  it  must,  necessarily,  very 
gi*eat]y  influence  those  ideas. 

We  have  spoken  of  the  Pleiades  and  the  entangling  nebulosities 
shown  by  photography  to  involve  the  stars  of  the  clusters.  The 
portrait  lens  has  shown  us  that  not  only  are  the  individual  stars  of 
this  group  involved  in  a  nebulous  system,  but  that  streams  and 
masses  of  this  filmy  matter  stretch  out  for  great  distances  all 
about  the  cluster. 

The  photographic  plate  has  shown  itself  especially  adapted,  when 
used  with  the  rapid  portrait  lens,  for  the  accurate  registering  of 
the  paths  of  meteors,  and  it  promises  to  be  of  special  value  dur- 
ing the  expected  return  of  the  November  meteors  this  year,  when 
a  more  exact  determination  of  the  radiant  will  be  obtained  from 
the  photographs  and  hence  the  orbit  of  the  meteor  stream  will  be 
better  known. 

In  the  reduction  of  the  measures  of  the  photographic  plates  for 
the  great  Cape  Photographic  Durchmusteioing,  Kapteyn  discovered 
another  *'  runaway"  star  with  a  proper  motion  of  8.71  seconds  a 
year,  which  is  much  greater  than  that  of  the  celebrated  1830  Groom- 
bridge,  and  is  at  present  the  largest  proper  motion  of  any  known 
star. 

There  are  very  few  departments  of  astronomy  where  photog- 
raphy has  not  taken  a  prominent,  if  not  a  commanding  position. 
It  is  probable,  however,  that  it  will  never  take  the  place  of  the 
micrometer  in  the  observation  of  close  double  stars  and  similar 
objects,  and  in  this  direction,  the  micrometer  of  Burnham  will  per- 
haps never  be  displaced.     The  photography  of  the  surface  features 
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of  the  planets  is  in  an  almost  hopeless  condition  at  present,  yet 
much  can  be  expected  in  this  direction  when  an  increased  sensi- 
tiveness of  the  plates  has  been  secured. 

Photography  has  shown  its  value  in  the  determination  of  stellar 
parallax  and  probably  hereafter  it  will  essentially  take  the  place 
of  the  micrometer  in  this  direction. 

This  is  not  the  place  to  go  into  a  discussion  of  the  relative  val- 
ues of  the  refractor  and  reflector  for  photographic  work.  Where 
accurate  measurement  is  to  be  considered^  the  refractor  is  doubt- 
less better  than  the  reflector.  If,  however,  the  main  object  is  a 
great  quantity  of  light  such  as  is  required  for  the  photography  of 
the  nebulae,  the  large  aperture  of  the  reflecting  telescope  of  short 
focus  makes  it  perhaps  the  best  form  of  instrument,  though  it  is 
very  much  hampered  by  its  small  field.  This  has  been  shown  to 
be  trae  by  Common  and  Roberts.  Since  in  the  reflector  the  light 
does  not  pass  through  the  glass,  it  is  possible  to  use  very  large 
apertures  without  any  additional  loss  of  light  through  absorption, 
as  would  necessarily  occur  if  it  passed  through  a  large  object  glass. 

Mr.  Ritchey,  of  the  Yerkes  Observatory,  is  making  a  large 
glass  speculum,  five  feet  Id  diameter  and  twenty-five-feet  focus, 
which  when  finished  will  be  one  of  the  most  powerful  instruments 
for  photographic  and  spectroscopic  work  yet  made,  and  which 
deserves  a  more  extended  notice  than  my  lin^ited  time  will  permit 
me  to  give  it  here.  With  this  instrument,  and  Mr.  Ritehey*s  skill 
in  photographic  work,  results  of  high  importance  will  be  obtained. 

Through  the  intelligent  generosity  of  Miss  Catherine  W.  Bruce, 
of  New  York  City,  astronomical  photography  has  been  placed  on 
a  firmer  basis  than  it  ever  was  before.  Her  gifts  have  been 
made  to  all  departments  of  astronomy,  and  it  would  take  consid- 
erable space  to  enumerate  theni  all  properly.  Perhaps  the  most 
important  of  these  are  the  ones  that  bear  directly  upon  astronom- 
ical photography. 

The  first  of  these  gifts  was  the  great  24-inch  photographic 
doublet  by  the  late  Alvan  Clark,  presented  to  the  Harvard  Col- 
lege Obsei*vatory,  and  which  is  now  doing  such  excellent  work  in 
Peru ;  the  two  15-inch  portrait  lenses  for  Dr.  Max  Wolf,  of 
Germany,  and  a  10-inch  photographic  doublet  for  the  Yerkes 
Observatory.  These  instruments  are  the  most  powerful  of  their 
kind,  and  for  certam  classes  of  work  are  superior  to  any  other 
form  of  telescope.     The  results  of  the  splendid  gifts  of  this  lady 
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must  hereafter  have  the  greatest  influence  upon  the  higher  devel- 
opment of  astronomical  photography. 

It  is  impossible  within  the  limits  of  tliis  address  to  give  more  than 
a  general,  and  at  best,  incomplete  sketch  of  the  rise  and  progress 
of  photography  in  the  various  lines  of  astronomical  research.  To 
those  who  have  kept  pace  with  these  rapid  strides  in  the  last  twenty 
years,  this  brief  history  will  seem  imperfect,  and  perhaps  of  little 
interest.  Many  applications  of  the  photographic  art,  and  many 
valuable  results  have  necessarily  been  omitted.  But  few  of  the 
names  of  those  prominently  identified  with  this  subject  have  been 
mentioned,  and  but  little  of  their  work  even  alluded  to.  A  volume 
of  no  small  dimensions  would  be  necessary  to  give  a  complete  his- 
tory of  the  development  of  photography  in  the  many  directions  in 
which  it  has  been  applied  to  astronomy.  The  time  to  do  this  has 
not  yet  come.  Progress  has  been  so  rapid  and  far-reacl»ing,  that  its 
history,  however  complete  and  exhaustive,  a  year  later  requires 
to  be  rewritten ;  and  there  is  no  reason  for  supposing  that  the  end, 
or  even  the  beginning  of  the  end,  has  been  reached.  With  new 
materials  and  new  methods,  and  new  workers  who  will  profit  by 
the  experience  and  results  gained  by  those  who  have  in  our  time 
accomplished  so  much,  we  may  expect  for  the  new  century  far 
greater  results  than  those  briefly  recorded  here. 

It  would  be  diflacult  just  here  to  predict  the  future  of  astronom- 
ical photography,  though  one  can  foresee  something  of  the  great 
results  it  must  accomplish.  It  will  displace  some  of  the  visual 
work,  but  it  is  more  likely  to  move  along  new  lines,  opening  up 
new  fields  of  research.  The  older  astronomy,  so  nobly  repre- 
sented by  Simon  Newcomb  and  a  few  others,  will  be  strengthened 
at  every  point,  and  will  stand  all  the  more  sublime  for  the  help  it 
shall  receive  from  photography. 
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Through  the  efforts  of  the  Actinsj  Secretary  and  of  th*;  Sectional 
Committee  of  last  year,  four  reports  were  prepared  for  the  meeting  and 
duly  presented.  By  vote  of  the  Council  one  of  them  is  printed  in  full; 
the  others  are  printed  by  title  only,  as  they  are  to  be  published  in  full 
elsewhere. 


Report  on  tiik  rkcbnt  proorrss  of  solids  and  fluids.  By  Dr. 
Ernest  W.  Brown,  Christ's  College,  Cambridge,  Professor  of 
Applied  Mathematics,  Haver  ford  College,  Pa. 

Introductory. — In  this  paper  I  shall  not  attempt  to  give  an  exhaustive 
account  of  the  progress  which  has  been  made  in  Hydrodynamics  of  recent 
years.  Such  an  account,  though  possibly  useful  for  purpost-s  of  refer- 
ence, would  be  tedious  and  unsuitable  for  reading  before  an  audience.  I 
shall  therefore  try  to  give  some  idea  of  the  general  lines  on  which  re- 
search has  been  carried  on,  laying  stress  on  the  more  important  discoveries 
and  avoiding,  as  far  as  possible,  mere  technical  details. 

Range  of  the  -Report.— The  choice  of  the  period  to  be  select -d  is  not 
difficult.  In  1846  Professor  Stoken  presented  a  report  on  the  condition 
of  Hydrodynamics  at  that  time  and  this  was  continued  by  Professor 
Hicks  ill  1881-1882.  Both  these  papers  are  printed  in  the  reports  of  the 
British  Association  for  the  Advancement  of  Science.  In  the  Mathemat- 
ische  Annalen  for  1887,  Mr.  A.  E.  H.  Love  gave  a  summary  of  our  knowl- 
edge of  Vortex  Motion  and  Hicks  practically  carried  this  to  the  present 
day  in  his  Presidential  Address  before  Section  A  of  the  British  A  ssocia- 
lion  in  189«.  Professor  Darwin's  Article  on  Tides  in  the  Encyclopaedia 
Britannica  carries  our  knowledge  of  that  subject  to  1888.  Hence  I  shall 
take  the  progress  made  in  the  general  subject  since  1882 ;  the  work  on 
Tides  will  be  taken  from  1888  only,  while  Vortex  Motion  will  be  omitted 
altogether. 

General  remarks.  —  The  application  of  Mathematics  to  the  solution  of 
many  natural  problems  in  fluid  motion  possesses  one  difficulty  which  is 
not  common  to  most  of  tlie  prolilems  which  confront  physicists.  It 
arises  from  the  fact  that  we  are  frequently  unable  to  apply  the  method 
of  approximation.  It  usually  happens  that  when  a  problem  arises  from 
some  natural  phenomenon,  it  Is  not  capable  of  direct  solution.    But  the 
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mathematician  is  generally  able  to  consider  a  simpler  problem  which  more 
or  less  closely  corresponds  to  the  given  conditions.  Having  solved  it,  he 
is  able  to  take  into  account  the  conditions  of  the  actual  problem  und  so 
to  obtain  a  solution  to  any  degree  of  accuracy  which  may  be  desired. 
This  is  frequently  not  the  case  with  problems  in  fluid  motion.  The  differ- 
ential equations  of  motion  may  perhaps  be  written  down  but  the  limita- 
tions which  have  to  be  imposed  before  a  solution  can  be  discovered  are 
so  numerous  that  the  solution,  when  found,  often  gives  no  approximation 
at  all  to  the  real  circumstances.  To  illustrate  this,  we  need  only  mention 
the  case  of  a  sphere  moving  through  water.  If  we  neglect  the  friction 
between  the  water  and  the  surface  of  the  sphere,  the  viscosity  and  com- 
pressibility of  the  water,  it  is  easy  to  find  all  the  circumstances  of  the 
motion.  But  when  the  velocity  of  the  sphere  is  not  small  and  we  take 
these  neglected  circumstances  Into  account,  the  motion,  as  any  one  will 
as;ree,  quite  changes  its  character.  Instead  of  the  stream  lines  (that  is, 
the  lines  followed  by  the  molecules  of  the  fluid)  being  regular  curves, 
eddies  are  formed  all  along  the  surface  of  the  sphere,  the  motion  in  the 
rear  of  the  sphere  becom<*s  turbulent  and  seems  to  defy  all  attempts  at 
calculation.  Further,  the  resistance  to  motion  caused  by  the  fluid.  Instead 
of  being  zero  as  in  the  simplified  problem,  actually  becomes  very  large. 
And  here,  it  is  to  be  remembered,  we  are  dealing  with  a  simple  case  of  a 
class  of  problems  which  has  a  high  practical  interest  —  the  resistance 
experienced  by  a  ship  moving  at  a  speed  which  we  are  nccustomed  to 
expect,  say,  from  ten  to  twenty  miles  an  hour.  The  engineer  now  knows 
fairly  well  the  resistance  by  experiment.  But  neither  he  nor  the  mathe- 
matician can  calculate  the  resistance  when  speed  is  forty  miles  an  hoar, 
and  this  speed  has  already  become  an  accomplished  fact. 

Order  of  the  Beport.  —  I  shall  first  deal  with  problems  in  which  the 
motion  is  irrotational,  that  is,  where  the  separate  molecules  of  the  fluid 
are  not  supposed  to  possess  any  rotation  of  their  own  independently  of 
the  rotation  of  the  whole  mass.  In  a  fluid  which  is  non-viscous  such  a 
molecular  rotation  can  never  be  set  up  by  any  conservative  system  of 
forces.  If  then  we  neglect  the  viscosity  and  the  skin  friction  of  the 
solid  with  which  it  is  in  contact,  all  motions  considered  will  be  of  the 
irrotational  class.  This  class  can  be  again  divided  into  two  others. 
First,  that  known  as  continuoxis  in  which  the  pressure  never  comes  out  to 
be  negative,  and,  secondly,  that  known  as  discontinuotta,  in  which  we  may 
have  a  negative  pressure  or  a  surface  across  which  there  may  be  a  flnite 
change  of  velocity.  In  the  first  case,  the  fluid  completely  occupies  the 
spaces  around  the  solid  with  which  it  is  in  contact.  In  the  second  case, 
hollows  may  be  formed  and  there  may  be  free  surfaces,  or  the  fluid  in 
motion  may  be  in  contact  with  other  fluid  at  rest.  After  treating  these 
two  classes  of  problems,  I  shall  go  on  to  mention  the  advances  made  in 
various  kinds  of  Wave  motion,  including  the  Tides.  Then  will  follow 
the  motions  and  forms  of  masses  of  fluid  rotating  about  an  axis  nnder 
their  own  gravitation  only.  Finally,  the  influence  of  viscosity  will  be 
considered. 
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Motion  in  two  dimensions.  The  general  problem.  —  We  shall  first  con- 
sider those  problems  In  which  the  fluid  is  incompressible  and  without 
viscosity  and  its  motion  is  ir rotational,  steady  and  takes  place  in  two 
dimensions.  If  we  take  the  plane  of  motion  to  be  that  of  (x,  y,)  this 
class  of  course  includes  the  case  of  motion  in  three  dimensions  where 
the  motion  of  every  particle  in  a  straight  line  perpendicular  to  the  plane 
of  (x,  y)  is  the  same.  The  theory  depends  on  the  yeloclty-potential  ^ 
and  the  stream-function  ^.  If  u.  v  be  the  velocities  of  a  particle  of  the 
fluid  at  the  point  (x,  y.)  the  following  equations  hold:— 

da 
u  =a  -; —  , 

d  X 


= 

d  <p 

dy 

V 

dip 
dy 

dlh 

dx 
^V  r^V  ^  d*il;         d*^ 

d  x*"^  d  y^  d  X*       d  y* 

Putting  z  =z  x-\-  iy  ,  wj  =  ^-f-ix 

these  equations  show  that  the  determination  of  the  motion  reduces  to  the 
discovery  of  a  function 

which  will  satisfy  the  given  boundary  conditions. 

When  w  has  been  determined  as  a  function  of  z^  the  curves, 
w  =  pure  Imaginary, 
give  the  stream-lines,  that  is,  the  lines  followed  by  the  molecules  of  the 
fluid  in  their  motion.    The  velocities  are  determined  by  partial  differen- 
tiation with  respect  to  x,  y. 

It  is  unnecessary  to  say  more  about  the  general  problem.  It  is  that 
of  Dlvichlet  In  the  Theory  of  Functions.  Solutions  can,  in  general, 
only  be  obtained  by  the  inverne  process  of  taking  known    solutions   of 

d'ifi        f^ip  d*\h        d*\J/  ... 

~  -I-  -Z  =  0     or    — L  -4 Z  ^  0,     and  inquiring  what  boundary 

dx*       dy*  dx*       dy* 

conditions  they  can  be  made  to  satisfy.     When  the  motion  is  dlscontin- 
nous  the  boundaries,  instead  of  being  fixed  walls,  are  free  surfaces  along 
which  the  velocity  is  constant. 
As  we  are  searching  for  the  stream- lines 

w  =  pure  imaginary 
that  is,  the  lines  parallel  to  the  real  axis  in  the  t<7-plane,  all  that  is  neces- 
sary is  to  find  the  curves  in  the  ^-plane  which  correspond  to  lines  parallel 
to  the  real  axis  In  the  Kj-plane.  This  problem  is,  therefore,  reduced  to 
one  of  conform  representation.  For  walls  consisting  of  straight  lines  a 
few  cases  have  been  long  known,  being  solved  by  Schwarz's  method. 
Some  new  ones  with  more  complicated  rectilinear  boundaries  were  given 
byR6thyin  1895. 
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Recent  work. "In  1890,  Michell  gave  anew  form  to  Schwarz's  method 
which  enables  him  to  solve  some  further  problems  in  discontinuous  motion. 
These  are  mainly  the  cuses  of  jets  Issuing  from  apertures  into  fluid  which 
may  be  at  rest  or  in  motion.  This  was  shortly  afterwards  m6difled  and  ex- 
tended by  Lore.  Still  later  B.  Hopkinson  added  the  case  where  several 
sources  or  sinks  might  be  present.  (These  are  points  where  the  fluid  Is  sap- 
posed  to  enter  or  leave  in  finite  quantities.)  The  transformation  does  not 
in  general  contain  infinities,  but  Hopkinson  includes  'he  case  where  -^ 
becomes  Infinite  like 


(Z  —  Zi) 


Several  hydrodynamical  examples  are  given  but  the  most  interesting  are 
the  electrical  applications. 

These  prol>lems  are  of  little  practical  value.  They  frequently  demand 
the  existence  of  dead  water  behind  the  moving  solid.  For  example,  if  a 
rectangular  board  be  drawn  through  a  fiuld,  it  is  directly  seen  that  the 
fluid  behind  the  obstacle  is  far  from  l)eing  at  rest,  which  the  theory  wonld 
indicate.  Again,  if  water  is  entering  into  a  large  tank  which  is  full,  by 
means  of  a  projecting  tube  In  the  side  of  the  tank,  the  fluid  instead  of 
spreading  in  all  directions  (by  the  theory)  actually  moves  like  a  fluid 
cylinder  for  a  short  distance. 

In  fact,  the  fluid,  Instead  of  moving  back  along  the  outside  of  the  pro- 
jecting tube,  actually  moves  the  other  way.  The  diff(erence  is,  of  course, 
caused  by  the  viscosity  of  the  fluid  which,  even  when  small,  produces  vor- 
tex or  eddy  motion  of  a  complicated  kind.  The  difficulties  have  been 
Slated  with  some  detail  and  with  several  illustrations  by  Lord  Kelvin  in 
Nature,  1894. 

Just  lately.  Professor  Hele-Shaw  has  succeeded  in  photographing  the 
movements  of  an  actual  fluid  under  similar  circumstances.  It  is  striking 
to  obsi*rve  that  when  the  motion  of  the  water  takes  place  between  two 
parallel  plates  not  far  apart  and  when  Its  velocity  is  not  very  great,  the 
stream-lines  follow  almost  exactly  the  theoretical  positions  which  they 
would  have  under  the  assumption  made  above.  In  the  case  of  a  rectan- 
gular plate  held  at  an  angle  of  45^  to  a  steady  stream,  the  stream-lines 
agree  almost  exactly  with  the  hyperbolas  given  by  theory.  When  the 
parallel  plates  are  not  close,  however,  or  the  motion  takes  place  in  a  tube 
of  not  too  small  section,  any  variation  in  the  diameter  of  the  tube  soon 
produces  turbulent  motion. 

Continuous  motion  in  three  dimensions. — When  the  motion  takes  place  In 
three  dimensions  I  divide  it  again  Into  continuous  and  discontinuous  mo- 
tion. On  neither  is  there  much  to  say.  When  the  motion  is  continuous 
and  there  are  no  forces  acting  on  the  solid  which  is  moving  through  the 
fluid,  the  system  of  differential  equations  admits  of  three  integrals  and 
the  integration  is  practically  flnlshed  if  we  can  flnd  a  fourth.  Several 
continental  writers  have  been  considering,  during  the  past  two  or  three 
years,  under  what  circumstances  a  fourth  integral  of  specifled  form  may 
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exist.  Miss  Fawcett  has  examined  the  case  of  the  motion  of  a  i^olid  of 
the  form  known  as  an  isotropic  helicoid  when  |:rav1ty  is  the  only  force 
acting.  The  most  interesting  case  is  that  where  the  solid  starts  from 
rest.  The  path  followed  by  the  centre  of  gravity  is  traced.  The  motion 
of  an  anchor  ring  when  there  is  circulation  throngb  the  aperture  has  been 
discussed  by  GreenhiU,  Basset  and  Dyson.  The  first-named  has  applied 
the  <r-fnnct]ons  to  the  solution  of  the  problem.  Basset  has  also  discussed 
the  motion  of  a  spherical  bowl. 

No  problem  of  discontlnnons  motion  in  three  dimensions  has  yet  been 
solved,  notwithstanding  many  unpublished  attempts.  I  shall  return  to 
this  subject  later  on. 

Wave  motion. — Coming  next  to  the  general  theory  of  wave  motion  1n- 
clndiug  the  problem  of  the  tides,  two  main  classes  may  be  distinguished. 
Waves  of  expansion  belong  primarily  to  the  theory  of  sound  and  they  will 
not  be  touched  upon  here.  The  second  class  concerns  the  different  kinds 
of  waves  which  our  every-day  experience  of  water  in  motion  brings  be- 
fore us.  It  includes  wave-motion  on  the  large  scale  as  exhibited  by  the 
tides,  on  a  smaller  scale  in  the  long  waves  which  are  known  undtr  the 
name  of  a  **gronnd-sweir  in  the  Atlantic.  Next  the  waves  whose  effects 
have  the  greatest  destructive  power — the  short  waves  whose  height  is  not 
very  small  compared  with  their  length — the  waves  raised  by  the  wind  in 
a  river,  those  which  follow  in  the  wake  of  a  ship,  the  solitary  wave  trav- 
elling up  a  canal  or  in  some  rivers,  known  in  England  as  a  *bore."  Fi- 
nally the  waves  which  are  very  smnll  and  which  are  mainly  propagated 
by  the  surface  tension  of  the  fluid.  These  last  are  known  as  capillary 
waves  and  will  only  be  mentioned  incidentally.  A  general  distinction  of 
all  these  waves  on  the  surface  of  water  is  made  by  mathematicians— the 
long  waves  wheie  it  appears  permissible  to  neglect  the  vertical  accelera- 
titin  of  the  particles  of  the  fluid  without  materially  affecting  the  results, 
and  the  short  M-aves  where  this  vertical  acceleration  may  not  be  neglected 
in  the  equations  of  motion.  I  shall,  as  far  as  possible,  deal  with  them  in 
this  order. 

Long  loaves.— The  neglect  of  the  vertical  acceleration,  which  implies  that 
the  dynamical  pressure  is  equal  to  the  statical  pressure,  greatly  simplifies 
the  problem  of  wave-motion.  Neglecting  compressibility  and  viscosity,  the 
ordinary  problems  of  long-wave-motion  are  not  very  difficult.  The  motion 
of  long  waves  in  canals  is  an  old  problem  and  was  used  by  Airy  for  ex- 
plaining the  tides.  A  paper  by  McCowan  in  1892  on  these  long  waves 
when  the  section  of  the  canal  is  uniform  must  be  mentioned.  Usually  the 
canal  has  been  taken  to  be  of  rectangular  section.  McCowan  treats  one 
which  has  sloping  sides.  Inchlentilly  he  obtains  u  canal  of  such  shape 
that  these  long  free  waves  are  propagated  along  It  without  change  of 
form.  But  a  more  important  result  is  the  detection  of  a  serious  error  in 
Airy's  explanation  of  the  double  high-tide,  sometimes  observed  in  estua- 
ries and  rivers.  The  method  adopted  was,  as  usual,  one  of  continued 
approximation  and  Airy  fell  into  the  error— not  unknown  to  mathematical 
physicists — that  of  carrying  his  approximations  further  than  the  initial 
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assumptions  warranted .  It  appeared  that  the  wave  ml<?ht  divide  into  two 
or  even  three  waves.  IVfcCowan  shows  that  this  division  of  the  wave  Is 
without  foundation  when  the  equations  are  correctly  treated  and  that 
therefore  Airj's  explanation  of  the  double  high  tide  fails.  The  double 
high-tide  is  stlU  unexplained. 

Tides.-'The  general  theory  of  tides  Is  fully  dealt  with  and  brought  up 
to  date  by  Professor  Darwin  In  his  article  In  the  Encyclopedia  Brltannlca 
of  date  1888.  Two  important  papers  Iiave  appeared  since  then.  To  re- 
port how  these  two  papers  have  advanced  our  knowledge  of  tidal  theory, 
a  few  remarljs  must  be  made  on  the  general  problem. 

The  theory  of  the  tides  Is  mainly  one  of  forced  oscillations.  The  sun 
and  moon  moving  In  orbits  round  the  earth  whose  essential  nature  is  pe- 
rtodlc,  their  motions  are  expressed  by  means  of  sums  of  sines  or  cosines 
of  angles  which  vary  with  the  time,  and  the  periods  of  these  terms  differ. 
The  difference  of  the  attractions  on  the  earth  and  the  water  which  covers 
it,  produces  oscillations  with  periods  which  correspond  to  those  of  the 
sun  and  moon.  Hence  the  periods  of  the  principal  tides  will  be  known  In 
advance.  Notwithstanding  this  fact,  the  general  equations  which  express 
the  motion  of  the  water  have  hitherto  only  been  Integrated  on  the  follow- 
ing assumptions :  First,  that  the  particles  of  water  never  move  far  from 
their  mean  position  in  comparison  with  the  radius  of  the  earth  — an  as- 
sumption wlilch  Is  easily  justified  and  which  need  not  be  discussed. 

Secondly,  that  the  ocean  covers  the  whole  earth  supposed  spherical. 
Thirdly,  that  the  depth  of  the  ocean  Is  uniform  or  a  function  of  the 
latitude  only.  Fourthly,  that  the  attraction  of  the  ocean  on  itself  is  to 
be  neglected.  The  last  phrase  simply  means  that  we  neglect  the  differ- 
ence  of  the  attraction  of  the  water  on  Itself  In  Its  actual  form,  from  Its 
attraction  In  the  nearly  spherical  form  It  would  assume  if  there  were  no 
disturbance. 

The  Irregular  shapes  of  the  bed  and  shores  of  the  ocean  make  calcula 
tlon  of  the  effects  due  to  them  almost  Impossible.  But  the  attraction  of 
the  ocean  on  Itself  should  be  susceptible  to  calculation.  Hitherto  this 
has  always  been  neglected,  owing  to  mathematical  difficulties.  Polncar6 
and  Hough,  In  two  papers  which  have  lately  been  published  quite  inde- 
pendently and  nearly  at  the  same  time,  have  taken  it  into  account.  Of 
these  two  papers.  Hough's  Is  the  more  Important  In  view  of  the  applica- 
tions. 

Previous  writers,  and  particularly  Darwin,  have  used  simple  sums  of 
harmonic  terms.  Hough  uses  Zonal  Harmonics  and  finds  that  this  en- 
ables him  to  Include  the  attraction  of  the  ocean  on  Itself.  In  particular 
the  fortnightly  tide  has  to  be  altered  from  five  to  eight  per  cent,  owing 
to  this  cause.  Polncar6  makes  a  rough  statement  only,  which  Is  double 
this  amount.  At  the  same  time  he  points  out  that  the  Irregular  shape  of 
the  continents  may  alter  the  coefficients  of  certain  terms  to  a  large  ex- 
tent. In  consequence  of  this  he  criticises  the  arguments  of  Thomson  and 
Tait,  who  attempt  to  explain  the  difference  between  theory  and  observa- 
tlon  by  the  solid  tides  which  the  moon  and  sun  must  produce  In  a  soUd 
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earth  possessing  slight  elasticity.  He  leaves  the  question  open  however. 
Poincar6*s  paper  contains  mnch  more  in  the  way  of  theoretical  researches, 
which  most  be  omitted  here.  Hough  also  determines  the  free  oscillutions 
by  means  of  an  infinite  determinant. 

Short  waves. —  When  we  do  not  neglect  the  vertical  acceleration  of  the 
particles  of  fluid  the  mathematical  treatment  alters  and  becomes  more 
difficult.  It  is  in  general  supposed  that  the  height  of  the  wave  is  small  in 
comparison  with  the  distance  between  the  crests.  In  1883.  Lord  Kaylelgh 
discussed  the  short  waves  which  are  seen  in  front  of  an  object  trailed 
along  the  water  and  also  the  longer  waves  that  are  left  behind.  His 
method  Is  to  find  the  effect  produced  by  a  line  of  disturbance  inclined  at 
an  angle  to  the  direction  of  steady  motion  of  the  fluid.  The  effects  observed 
by  Froude  in  his  famous  experiments  on  ship-waves  are  fairly  well  ac- 
counted for.  This  year  a  paper  by  Michell  has  just  appeared  in  which  he 
calculates  the  wave  resistance  due  to  a  body  shaped  approximately  like  a 
ship.  Again  the  results  are  not  unsatisfactory.  Lord  Kelvin  has  solved  a 
similar  problem  in  several  articles  in  the  Philosophical  Magazine  for  1886-7. 
He  considers  the  effect  of  small  Inequalities  in  the  bed  of  a  stream.  Of 
special  interest  are  the  standing  waves  produced  by  a  stone,  or  by  a  hole 
in  the  stream-bed  or  by  a  wavy  bottom  such  as  we  sometimes  see  left  on 
the  seashore  by  the  retreating  tide. 

When  the  wave-height,  wave-length,  and  the  deptli  of  the  fluid  are  com- 
parable in  magnitude,  the  problem  becomes  very  difficult,  as  the  waves 
are  not  in  general  propagated  without  change  of  shape.  They  were  first 
treated  by  Stokes.  In  1889,  von  Helmholz  took  up  the  general  problem  and 
considered  the  effect  of  the  wind  in  making  permanent  waves.  Michell 
has  traced  the  free-wave  in  the  case  of  infinite  depth  and  its  changes  as  it 
proceeds.  Incidentally  he  finds  again  the  case  where  the  crest  becomes  a 
cusp  with  an  angle  of  120"^,  a  result  predicted  by  Stokej*  from  simple  con- 
siderations. A  paper  by  W.  Wlen  should  be  mentioned ;  in  it  the  forms  of 
the  waves  at  the  surface  of  separation  of  two  media  are  discussed  and 
forms  for  the  waves  produced  by  the  winds,  more  or  less  closely  approxi- 
mating to  actual  phenomena  are  found.  The  wave-fronts  are  figurtd  by 
means  of  Schwarz's  method  of  rt^presenting  conformably  a  lemniscate  on 
a  circle. 

The  solUary  t/^atjc— The  solitary  wave  has  received  a  fair  share  of 
attention.  In  this  wave  the  height  is  not  neces>arily  small  compared 
with  the  depth  of  the  fluid ;  and  it  may  travel  for  a  long  distance  along  a 
uniform  canal  with  little  or  no  change  of  form.  Experiments  have  been 
made  and  the  results  published  by  Scott  Russell.  Boussinesq  and  Lord 
Rayleigh  have  lately  investigated  his  figures  from  the  mathematical  stand- 
point and  have  given  a  simple  formula  for  the  relation  between  the  wave- 
length and  the  height  which  agrees  with  that  deduced  by  Scott  Russell 
from  experiment.  Korteweg  and  de  Vries  in  1 896  extended  the  theory  of 
the  solitary  wave  and  showed  that  a  new  type  —  named  conoidal  —  can  be 
propagated.  They  also  proved  that  a  depression  without  a  corresponding 
elevation  can  move  along,  but  such  depressions  are  generally  unstable. 
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McCowan  and  vStokes  have  also  treated  these  waves.  The  existence  of 
free  oscillations  in  canals  has  been  investigated  by  Greenhill,  Lamb  and 
MacDonald  by  Fourier's  methods.  There  is  some  doubt  about  Lamb's 
results.  MacDonald  has  shown  that  it  is  necessary  to  take  into  account 
the  possibility  of  satisfying  the  surface  conditions  and  that  simple  for- 
mulae are  not  sufficient:  this  point  will  be  readily  appreciated.  The  criti- 
cism appears  to  be  valid  but  the  subject  needs  elucidation. 

Capillary  waves, — An  interesting  problem  Is  obtained  by  considering  the 
tiny  waves  formed  In  a  glass  of  water,  when  the  glass  Is  made  to  vibrate 
by  means  of  a  violin  bow  drawn  across  its  edge.  Rayleigh  has  shown 
that  they  are  due  to  capillary  action.  It  Is  curious  that  the  number  of 
waves  formed  on  the  water  In  a  given  time  Is  double  the  number  of  vibra- 
tions made  by  the  glass  in  the  same  time. 

Rotating  masses  of  fluid.—  A  good  deal  of  Interest  has  been  taken  dur- 
ing the  last  two  decades  In  the  forms  assumed  by  masses  of  fluid  rotating 
about  a  fixed  axis  under  their  own  attraction  only.  Darwin  and  Polncar6 
are  mainly  responsible  for  the  developments  which  the  subject  has  received 
although  much  has  been  done  by  Madame  Kowalewsky,  Basset,  Dyson, 
Bryan  and  Love.  To  give  an  acconnt  of  all  this  work  would  take  me  far 
outside  the  limits  of  tills  paper  and  I  shall  therefore  simply  mention  some 
of  the  more  interesting  results  obtained  by  the  first  two  writers. 

In  1886  Darwin  worked  out  fully  the  various  possible  forms  of  the 
Jacoblan  ellipsoids,  showing  where  the  limits  of  stability  came.  In  1887. 
he  took  up  the  more  general  problem  of  two  nearly  spherical  masses  of 
fluid  rotating  like  rigid  bodies  round  a  flxed  axis  under  their  own  attrac- 
tions only.  This  problem  Is  of  great  Importincc  In  theories  of  cosmog- 
ony. Especial  attention  is  paid  to  the  cases  where  the  two  bodies  get 
very  near  to  one  another.  When  quite  close  they  may  coalesce  and  form 
dumbbell  shaped  flgures;  or  the  smaller  mass  may  have  a  tendency  to 
break  up  Into  two  parts  as  shown  by  a  furrowing  in  Its  contour. 

Poincar6  t«)ok  the  subject  up  from  a  dlfterent  point  of  view.  He  starts 
with  th«*  rotating  ellipsoidal  form  and  Investigates  what  forms  of  relative 
equilibrium  are  possible  when  small  deviations  from  the  ellipsoid  occur 
consistently  with  the  conditions.  He  flgures  a  pear-shaped  form  of  pos- 
sible equilibrium  and  also  discusses  with  much  detail  the  stability  of  the 
various  figures, 

I  am  Indebted  to  Professor  Darwin  for  a  reference  to  a  paper  by 
Schwarzchild  which  has  just  appeared  In  the  Annals  of  the  Munich  Ob- 
servatory. In  this  Memoir  certain  portions  of  Folncar6's  work,  with 
respect  to  the  exchange  of  stabilities  between  two  classes  of  possible 
flgures  of  equilibrium  at  the  place  where  they  meet,  are  crlticise<1.  He 
also  examines  the  stability  of  Roche's  IClUpsolds  by  means  of  Lamp's 
functions  and  shows  that  there  Is  no  flgure  of  bifurcation  In  this  series. 

ViscosUy.—A  considerable  amount  of  attention  has  been  devoted  to  our 
last  subject,  the  Viscoiiy  of  Fluids,  partly  owing  to  the  mathematical 
Interest  of  the  subject  and  partly  to  the  difficulty  of  obtaining  any  close 
approximation  to  the  results  aflbrded  by  natural  phenomena.    It  must  be 
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Stated  at  the  oatset  that  in  all  the  work  hitherto  attempted  the  motion  is 
supposed  to  be  sufficiently  slow  to  enable  us  to  neglect  the  squares  and 
higher  powers  of  the  velocities.  Practically  this  entails  a  serious  limita- 
tion on  the  usefulness  of  the  resultn.  Even  the  most  casual  observation 
Hhows  that  when  the  velocity  exceeds  a  limit  which  is  very  easily  reached, 
eddies  are  formed  and  the  motion  entirely  changes  Its  character.  Korte- 
weg  has  made  some  suggestive  remarks  on  this  point  in  a  paper  on  the 
Stability  of  the  Motion  of  Viscous  Fluids.  He  remarks  that  the  existence 
and  formation  of  eddies  were  generally  supposed  to  be  due  to  unstable  so- 
lutions of  the  equations  of  motion.  Von  Helmholz,  however,  had  found 
that  when  a  solution  with  given  boundary  conditions  In  a  simply-connected 
region  is  obtained,  that  solution  is  unique.  Hence  we  cannot  attribute  the 
formation  of  eddies  to  other  solutions  which  In  fact  do  not  exist.  Korte- 
weg  further  proves  that  this  unique  solution  Is  stable.  Hence,  neglecting 
squares  and  products  of  the  velocities,  It  Is  evident  that  having  got  a 
unique  stable  solution,  eddies  cannot  be  formed.  Concerning  these  eddies, 
he  says:  —  •*  When,  on  the  contrary,  squares  and  higher  powers  of  the 
velocities  are  taken  Into  account,  I  have  my  reasons  for  supposing  that 
even  In  the  case  of  a  sphere  moving  with  uniform  velocity  —  If  snch  a 
state  of  steady  motion  can  be  reached  —  the  motion  must  finally  become 
unstable.**  Lord  Raylelgh  has  also  attempted  to  examine  how  viscosity 
affects  the  motion,  and  how  eddies,  when  formed,  are  maintained. 

**  Lord  Kelvin  concludes  that  the  linear  flow  of  a  fluid  through  a  pipe  or 
of  a  stream  over  a  flume  bed  Is  stable  for  very  small  disturbances,  but 
that  for  disturbances  of  more  than  a  certain  amplitude  the  motion  becomes 
unstable,  the  limits  of  stability  being  smaller,  the  smaller  the  viscosity.'* 
(Lamb*s  Hydrodynamics.)  It  Is  possible  that  a  remark  made  by  Klein  in 
Ills  lectures  on  the  top  may  have  some  bearing  in  this  case.  He  points 
out  that  near  the  limit  of  stability  obtained  as  usual  by  neglecting  the 
second  and  higher  powers  of  small  quantities,  instability  really  takes 
place  when  we  Include  them.  It  is  indeed  possible  that  all  viscous  fluid 
motions  as  at  present  investiirated  are  really  unstable  and  that  eddies  are 
always  formed.  It  is  instructive  to  read  Reynolds*  experiments  of  1883 
as  to  the  point  at  which,  with  increasing  velocltv,  stream-lines  appear  to 
break  up  Into  eddies. 

A  warning  must  be  given  against  laying  too  great  a  stress  on  the  eqna- 
tlons  of  motion.  They  are  formed  under  certain  suppositions  as  to  the 
character  of  the  Internal  friction  of  the  fluid,  but  we  have  no  security 
that  these  suppositions  represent  the  facts.  At  the  same  time,  most  of  the 
different  assumptions  made  lead  to  the  same  equations,  so  that  only  a 
very  fundamental  alteration  would  affect  the  equations  of  motion. 

Another  dlfllculty  arises  with  the  skin  friction  at  the  surface  of  a  body 
moving  in  the  fluid.  The  dlfliculty  arises  from  the  fact  that  the  action 
along  the  wall  In  contact  with  the  fluid  is  treated  quite  differently  in  the 
cases  of  no  flrlction  and  very  small  friction.  The  mathematical  character 
of  the  motion  may  be  completely  altered.  The  difference  Is  this.  With 
non-viscous  fluids  we  assume  a  finite  slip  of  the  fiuid  along  the  wall.     If 
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even  the  smallest  coSfflcient  of  friction  be  introduced  a  finite  slip  cannot 
be  consistently  allowed.  The  whole  subject  Is  very  obscure.  It  Is  now 
believed  by  some  prominent  physicists  that  no  such  finite  slip  actually 
takes  place  at  all. 

A  somewhat  easier  problem  Is  the  decay  of  waves  proceeding  along 
water,  owing  to  the  influence  of  viscosity.  In  several  short  papers  dur- 
ing the  last  three  years  In  the  Comptes  Rendus,  Boussinesq  has  treated 
the  various  kind  of  waves  —  In  many  cases  reducing  his  results  to  nam- 
bers.  A  practical  application  Is  a  determination  of  the  time  necessary  for 
the  sea  raised  by  a  storm  to  subside.  Hough  has  treated  a  similar  prob- 
lem, namely,  the  effects  of  viscosity  on  ocean  currents  and  on  tides  of 
long  period.  He  concludes  that  for  big  slow  currents  —  such  as  the  Gulf 
Stream  —  the  friction  of  the  ocean  bed  is  by  far  the  most  important  fac- 
tor in  the  dissipation  of  the  energy  of  motion,  while  for  the  short  waves 
in  deep  water,  viscosity  becomes  paramount.  The  continued  existence  of 
ocean  currents  Is  a  problem  not  satisfactorily  explained.  They  are  usu- 
ally attributed  principally  to  the  tendency  of  the  winds  to  blow  on  the 
average  mainly  In  one  direction.  Against  this  Is  urged  the  dissipation 
of  the  energy  thus  acquired,  by  the  viscosity  of  the  fiuld.  Hough  con- 
cludes that  too  much  eflfect  has  been  attributed  to  viscosity.  Such  cur- 
rents win  doubtless  take  a  long  time  to  start  but  when  once  set  In  motion, 
the  modulus  of  decay  Is  so  large  that  energy  is  dissipated  very  slowly 
and  the  winds  are  sufficient  to  supply  the  energy  lost  by  viscosity.  The 
long-period  tides  again  are  supposed  to  be  greatly  aff'ected  by  viscosity 
If,  however,  Hough's  conclusion  that  the  modulus  of  decay  is  comparable 
more  nearly  with  twenty  years  than  with  a  few  months,  those  tides  whose 
periods  are  as  great  as  one  or  even  six  months,  will  be  but  little  affected. 
Hence  the  dift'erences  between  observation  and  the  results  of  the  equilib- 
rium theory  of  the  tides,  orlglnaUy  attributed  to  viscosity,  cannot  be  ex- 
plained In  this  way. 

A  few  special  problems  of  motions  of  solids  have  been  solved,  the 
squares  of  the  velocltlfs  being  neglected.  The  motion  of  a  sphere  and 
the  linear  motion  of  an  ellipsoid  in  an  infinite  fluid  had  been  solved. 
Edwardes  in  1892  added  the  rotational  motion  of  an  ellipsoid  and  the 
motion  of  fluid  through  a  channel  bounded  by  an  hyperbolold  of  revolu- 
tion. As  before  stated,  the  results  have  little  more  than  a  mathematical 
Interest. 

Future  Progress, — To  attempt  to  give  any  Idea  of  the  possible  direc- 
tions In  which  future  progress  Is  likely  to  be  made  Is  a  dangerous  task. 
One  can,  however,  do  something  by  mentioning  the  problems  In  which 
a  Utile  progress  has  been  made  and  also  those  which  have  been  before  the 
scientific  world  for  some  time  and  remain  yet  unsolved.  For  some  of  the 
Indications  given  below,  I  am  Indebted  to  friends  who  have  themselves 
contributed  to  recent  progress. 

Problems  in  discontinuous  motion  In  two  dimensions  In  an  Infinite, 
frlctionless,  Incompressible  fiuld  are  not  without  fundamental  dlfilcultles. 
In  fact  they  are  mainly  exercises  In  conform  representation.    The  prob- 
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lem  is  reduced  to  that  of  flnding  a  f  anction  to  satisfy  Laplace's  equation 
for  two  dimensions  with  given  boundary  conditions.  No  special  service 
will  be  gained  for  Hydrodynamics  by  solving  for  new  forms  of  boundaries 
unless  the  cases  arise  in  experiment.  But  I  have  mentioned  the  fact  that 
no  problem  of  discontinuous  motion  in  three  dimensions  has  yet  been 
solved.  The  difficulty  is  one  which  can  easily  be  appreciated.  The  theory 
of  functions  deals  with  a  complex  of  the  form  z  -{-  iy^  and  this  suits  all 
problems  in  two  dimensions.  But  little  has  been  done  with  a  vector  in 
three  dimensions  and  certainly  nothing  has  been  built  up  concerning  it 
which  corresponds  to  the  results  obtained  for  the  two  dimensional-vector 
Perhaps  the  paper  on  Potential  by  Sommerf  eld  in  the  Proceedings  of  the 
London  Mathematical  Society  last  year  may  have  some  bearing  on  the 
problem ;  it  is  In  any  case  worth  serious  study.  The  subject  of  discon- 
tinuous motion  was  set  for  tlie  Adams*  prize  in  1896— this  is  the  prize 
which  has  produced  Maxwell's  essay  on  Saturn's  rings  and  J.  J.  Thom- 
son's on  Vortex  motion.  A  solution  for  a  solid  of  revolution  was  aslced  for 
and  it  was  generally  supposed  that  the  circular  disc  would  be  the  easiest 
to  attempt.  No  essay  was  sent  in.  One  prominent  mathematician  who 
has  aided  considerably  in  the  development  of  Hydrodynamics  mentioned 
that  he  had  worked  for  six  months  and  had  obtained  absolutely  nothing.  A 
magnificent  reception  therefore  awaits  the  first  solution ! 

Some  mention  has  been  already  made  of  difficulties  awaiting  solution 
in  tide  and  wave  problems.  Whether  much  more  can  be  done  by  the 
present  analytical  methods  is  not  certain.  We  may  frequently  meet  in 
this  department  with  series  which  formally  satisfy  the  equations,  but 
which  either  converge  very  slowly  or  not  at  all.  The  theory  of  free  and 
forced  waves,  depending  to  a  large  extent  on  methods  of  approximation, 
when  numerical  results  are  required  for  comparison  with  observation,  is 
in  many  respects  fairly  satisfactory  if  tiie  height  of  the  wave  crest  above 
the  mean  level  is  not  very  great  and  if  the  motion  is  slow.  But  there  are 
comparatively  few  problems  solved  for  shorter  waves  in  confined  bodies 
of  water.  The  oscillations  of  water  across  a  canal  of  circular  section  is 
an  instance  of  a  problem  which  should  yield  to  analysis.  But  little  is 
known  of  the  causes  which  produce  double  and  other  singular  kinds  of 
tides  in  enclosed  areas. 

Another  class  of  problem  is  the  wave-resistance  experienced  by  various 
shaped  bodies  moving  over  water,  especially  when  the  velocity  is  not 
small.  That  this  class  is  becoming  extremely  important  in  view  of  the 
liigh  speeds  attained  by  torpedo  boats,  there  can  be  no  doubt.  The  lines 
of  a  ship  are  at  present  a  matter  mainly  of  experience.  One  of  the  most 
puzzling  things  is  the  diffierence  In  the  speed  qualities  of  two  ships  built 
on  the  same  plans.  A  very  slight  diflference  in  the  lines  will  frequently 
enormously  alter  the  speed  qualities  and  one  can  scarcely  doubt  that  this 
is  due  to  the  differences  in  the  waves  which  are  formed  as  the  ship  moves. 
The  kind  of  problem  thus  presented  to  the  mathematician  is  always  a 
difficult  one.  Briefly  stated,  it  is  a  problem  where  a  slight  difference  in 
the  boundary  conditions  makes  a  large  difference  In  the  effects  produced. 
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A  similar  difficulty  occurs  when  one  approaches  the  limits  of  stability  of 
steady  motion. 

Tlie  treatment  of  viscosity  and  skin  friction  seems  to  be  a  subject  lying 
nearer  to  one's  grasp.  'I  he  difference  between  no  viscosity  and  small 
viscosity  —  namely  the  mathematical  assumptions  of  finite  slip  and  no 
finite  slip  — has  already  been  pointed  out;  this  requires  further  investi- 
gation. Again,  the  fact  that  in  all  proi)lems  hitherto  solved,  only  the 
first  powers  of  the  velocities  are  taken  into  consideration  «eems  to  point 
to  an  opening  for  research.  We  cannot  hope  that,  even  should  this  single 
difficulty  be  overcome  to  a  certain  extent,  the  mechanical  difficulties  would 
be  made  much  easier.  But  every  step  taken  ought  to  lead  to  some  further 
insight  into  the  most  intractable  subject  that  mathematical  physics  pre- 
sents. It  must  be  admitted  that  the  practical  engineer  has  ulmost  no  use  for 
any  of  the  results  obtained  by  the  theory  as  It  at  present  stands.  It  may  be 
answered  that  pure  science  does  not  look  to  practical  ends.  This  Is  per- 
fectly true  in  general.  But  it  can  hardly  be  an  argument  In  the  case  of 
Hydrodynamics,  the  very  bases  of  which  are  assumptions  which  are  sup- 
posed to  approximate  more  or  less  closely  to  actual  conditions. 

Conclusion.— In  conclusion,  I  cannot  resist  making,  or  rather  repeating 
an  appeal  to  our  pure  mathematicians  to  devote  more  attention  to  thhi  sub- 
ject. The  literature  is  easily  accessible.  The  English  treatises  of  Lamb, 
Basset,  and  Thomson  and  Talt,  will  supply  most  of  the  needs  of  a  student, 
while  the  works  of  Volghtand  Klrchhoff  and  the  Handhuch  der  Physlk  of 
Winkelman  may  be  used  to  supplement  them.  Again,  Stokes'  report  of  1846 
and  that  of  Hicks  in  1881-2  will  furnish  the  main  points  In  the  history  of 
the  subject.  On  Vortex  motion  we  have  the  later  paper  of  Love  in  1887 
and  the  presidential  address  of  Hicks  to  the  British  Association  in  1896. 
On  Tides,  Darwin's  article  In  the  Encyclopaedia  Brltannlca  brings  our 
knowledge  up  to  1888.  Most  of  the  work  done  since  1882  Is  to  )k»  found 
In  the  columns  of  snch  easily  accessible  periodicals  as  the  Philosophical 
Magazine,  the  Proceedings  of  the  London  Mathematical  Society,  and  the 
Proceedings  and  Transactions  of  the  Royal  Society.  A  full  Index  of  titles 
of  papers  up  to  date  with  short  abstracts  Is  obtainable  from  the  Jahrbucb 
fiber  die  Fortschritte  der  Mathematlk  and  the  Revue  Semestrlelle. 

It  is  of  course  unfair  to  ask  anyone  successfully  ent^aged  on  his  or  her 
own  special  line  of  research  to  leave  It  for  doubtful  profit  In  another; 
but  such  may  be  done  by  those  who  have  the  direction  of  the  studies  of 
the  future  generation  by  interesting  and  suggestive  courses  of  lectures. 
Pure  mathematicians  will  not  find  their  knowledge  useless  here,  and  stu- 
dents will  not  be  backward  In  following  the  footsteps  of  such  men  as 
Laplace,  Stokes,  Kelvin,  Von  Helmholz  and  Rayleigh.  The  tendency  to- 
wards the  separation  of  pure  mathematics  from  their  applications  to  phys- 
ical problems  has  already  been  arrested  on  the  European  continent.  It 
will  not  be  a  departure  from  American  traditions  if  we  do  our  share  In 
this  work. 
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Rbport  oh  the  rrcbnt  progress  in  thk  mathematical  theory  ok 

BLKCTRICTTY  AND  MAGNETISM.     By  Prof.  ARTHUR  G.  WeBSTEK,  Clark 

University,  Worcester,  Mass. 


Report  on  theory  of  invariants:  the  chief  contributions  of  a 
DECADE.  By  Prof.  Henry  S.  White,  Northwestern  University, 
Evanston,  HI. 


Report  on  the  modern  group  theory.    By  Dr.  G.  A.  Millku,   Cor- 
nell University,  Ithaca,  N.  Y. 
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[abstracts.] 

Making  astronomy  populak.    By  Miss  Mary  Proctor,  New  York, 
N.  Y. 

Much  has  been  done  within  the  past  few  years  In  making  astronomy 
popular,  and  bringing  it  within  the  reach  of  all,  by  means  of  popular 
works  on  the  subjects,  and  illustrated  lectures.  The  altf*ndance  at  these 
lectures  and  the  attention  shown  throughout  prove  that  they  are  decidedly 
popular,  and  the  members  of  the  Association  for  the  Advancement  of 
Science  deserve  much  praise  for  the  work  they  have  done  in  this  direc- 
tion. A  knowledge  of  the  wonders  of  the  universe  is  ennobling,  and  by 
means  of  the  New  York  City  Free  Lecture  Course,  tliese  truths  are  now 
taught  to  me(ihan!cs  and  the  poorer  classes,  and  they  cannot  help  being 
benefited  by  such  knowledge. 


Correction  of  local  rrror  in  stellar  photometry.    By  Henry  M. 
Parkhurst,  Brooklyn,  N.  Y. 

Local  error  a  necessary  result  of  observation  in  zones. 

Illustration  by  Proctor's  D.  M.  chart. 

Observations  of  asteroids  furnish  the  means  of  connecting  local  error 
by  comparing  different  regions  with  the  same  standard. 

The  standard  is  obtained  by  comparisons  of  asteroids  with  each  other, 
each  liavlng  been  compared  with  many  stars  in  different  regions.  A  close 
agreement  of  several  asteroids  indicates  that  local  errors  have  been 
*'  balanced  oat/*  and  that  these  asteroids  agree  witli  the  average  stand- 
ard of  the  Zone  Catalogue  (Harvard  Annals,  Vol.  xxiv). 

Having  obtained  a  new  standard,  free  from  local  errors,  stars  are 
compared  with  this  new  standard,  rejecting  all  prior  observations  of  them 
affecting  the  standard ;  and  other  asteroids  are  compared  with  these  stars 
when  passing  near  them. 

This  work  was  begun  in  January  last  and,  up  to  May,  twenty-four  aste- 
roids have  been  reduced  to  the  new  standard,  together  with  several  hun- 
dred stars,  representing  several  thousand  observations.  (Explanation  of 
mode  of  reduction  in  the  use  of  old  observations.) 
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Comparison  of  stars  contained  in  the  Harvard  Zone  Catalogue  with  tlie 
new  standard,  sliowlng  tlie  amount  of  the  local  error  in  that  catalogue, 
after  eliminating  tlie  errors  of  observation  from  both  values. 


Thk  Pi{ak.sepk  group;  mkasuukmknt  and  reduction  op  thk  Ruther- 
FURD  FiioTOGHAPHS.  By  Frank  Schlesinoer,  Ph.D.,  Columbia 
University,  New  York  City. 

[This  paper  will  be  printed  in  annals  of  The  N.  Y.  Academy  of  Sciences.] 


Dl8COI{l>ANCES  BET W KEN  THK  NORTH-POLAR  DISTANCES  OF  STARS  DKRIVKI) 
FROM  DIRECT  AND  FROM  RKFI.ECTION  OU8ERVATION8.  By  J.  R.  EAST- 
MAN, Professor  of  Mathematics,  U.  S.  Navy,  Washington,  D.  C. 

The  systematic  corrections  to  the  observed  north-polar  distances  of 
stars  have  been  determined,  since  the  beginning  of  the  use  of  transit 
circles,  by  a  method  which  has  always  given  much  trouble  to  astrono- 
mers. The  method  in  question  gave  different  results  for  stars  on  the 
nortli  side  of  the  zenith  from  those  found  for  stars  south  of  the  zenith. 
This  paper  is  a  partial  report  of  an  Investigation  to  discover  the  cause  of 
these  discrepancies,  and  it  has  resulted  in  a  method  for  the  treatment  of 
reflection  observations  whicli  mukes  the  corrections  to  direct  observa- 
tions tiie  same  on  boili  sides  of  the  zenith  and  its  use  in  the  formation  of 
the  second  Washington  Star  Catalogue  has  given  greatly  improved  posi- 
tions of  the  stars. 


Behavior  of  thk  atmosphehks  of  gas-  and  vapor-generating  globes 
IN  CELESTIAL  SPACE.  By  Dr.  J.  WooDBRiDGE  Davis,  Woodbrldgc 
School,  New  York  City. 

The  author  considers  a  globe  of  artificial  construction  composed  of 
asbestos  fibres  loosely  laid  together,  the  interstices  filled  with  gas.  At 
the  centre  is  a  furnace,  and  a  system  of  tubing  distributes  the  heat  through 
the  ball.  As  an  effect  of  the  heat  thus  supplied,  the  gas  slowly  exudes 
from  the  globe. 

It  is  shown  upon  thermodynamic  principles  that,  if  the  temperature  of 
the  exuded  gas  be  equal  to  or  greater  than 


19900 


where  ,J  is  the  relative  density  of  the  gas  with  respect  to  hydrogen,  Z>,  is 
the  density  of  the  globe,  and  Tq  is  the  radius  of  the  globe  in  miles,  the 
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intrinsic  energy  of  the  gas  is  sufficient  to  drive  it  in  an  outward  flowing 
stream  to  an  infinite  distance  against  ttie  force  of  gravity,  and  tliat  tlie 
velocity  in  miles  per  second  of  tlie  outflowing  atmospliere  at  any  distance  r 
from  tlie  globe's  centre  is  expressed  in  the  formula 


•J      ^  ^  1812000 


where  V  and  r  are  the  velocity  and  absolute  temperuture  at  distance  r, 
and  Fq  and  ^^  are  the  velocity  and  absolute  temperature  at  the  globe's 
surface. 

If  the  initial  temperature  is  below  that  indicated,  the  atmosphere  will 
not  be  able  to  flow  away  to  infinity,  but  will  be  limited  in  height  by  the 
value  of  r  found  from  the  last  equation  when  V  and  r  are  made  zero. 
The  exudation  will  simply  make  this  atmosphere  more  dense  until  its 
weight  stops  the  exudation. 

The  behavior  of  a  vapor-generating  globe  is  the  same  except  that  the 
atmosphere  becomes  misty,  presenting  the  appearance  of  a  comet  while 
still  remote  from  the  sun. 

Some  examples  are  given  in  illustration :  a  hydrogen-generating  globe 
1000  miles  in  diameter,  of  density  equal  to  that  of  the  sun,  requires  a  tem- 
perature of  only  17.7°  absolute,  or  256°  C.  below  the  freezing  point  of 
water,  in  order  to  be  able  to  drive  its  atmosphere  to  infinity ;  a  tempera- 
ture of  1770°  absolute  is  necessary  for  a  similar  globe  10,000  miles  in 
diameter ;  the  atmosphere  of  a  500-mile  water-globe  need  decline  in  tem- 
perature only  28i°  C.  in  giving  forth  energy  sufficient  to  blow  the  vapors 
to  infinity ;  nine-eighths  of  a  degree  suffices  for  a  100-mile  water-globe, 
and  a  decline  of  only  0.000113  of  a  degree  serves  to  expel  utterly,  the 
vapor  from  a  globe  of  water  or  ice  one  mile  in  diameter. 

A  5000-mile  globe  of  solar  density  and  exuding  a  mixture  of  three  pnrts 
by  volume  of  hydrogen  and  one  part  of  oxygen  at  an  initial  temperature 
of  2,500°  absolute,  being  assumed.  It  is  shown  .that  the  resulting  phenom- 
ena are  much  like  some  that  present  themselves  In  the  heavens.  When 
the  temperature  of  the  outrushlng  atmosphere  has  descended  to  about 
1100°  or  1200°  absolute,  the  gases  deflagrate,  forming  a  striated  spher- 
ical sheet  of  flame  surrounding  the  globe.  Immediately  outside  the  flame- 
shell  is  a  region  of  subincandescent  gas,  and  beyond  t!ils  the  hydrogen 
and  condensing  water-vapor  appear  as  an  atmosphere  of  strongly  radiated 
structure  growing  rarer  outwardly  to  the  limits  of  visibility.  But,  as  the 
globe  gradually  cools,  the  velocity  of  the  hydrogen  diminishes  until  it  can 
no  longer  blow  away  the  mist.  This  remains  suspended,  balanced  between 
gravity's  down-pull  and  the  fluid's  out-push,  until  so  great  an  accumula- 
tion occurs  that  Its  weight  overcomes  the  resistance ;  huge  masses  plunge 
to  the  globe,  and  the  atmosphere  clarifles  itself.  The  vapors  rise  again, 
and  the  cycle  Is  repeated.  From  a  distance  the  body  appears  to  wax 
and  wane  In  brightness.  Little  water  and  ice  spheres  revolving  about 
this  globe  have  their  vapors  brushed  away  by  Its  outsweeplng  atmosphere 
in  the  form  of  long  trains  directed  from  the  central  body. 
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The  fonnnlae  show  that  the  density  or  mass  of  the  atmosphere  depends 
upon  the  rate  at  which  it  is  generated,  but  that  its  behavior  after  genera- 
tion, that  is,  its  velocity  at  any  place,  depends  solely  upon  the  initial  tem- 
perature, and  remains  the  same  however  rare  the  atmosphere  may  be. 

No  application  is  made  to  any  real  celestial  body,  the  object  of  the 
paper  being  to  develop  formulae,  and  determine  the  conditions  necessary 
to  exist  in  order  that  the  atmosphere  shall  be  outrushing.  These  are  two : 
first,  there  must  be  a  source  of  heat  independent  of  the  substances 
forming  the  atmosphere,  corresponding  to  the  furnaces  in  the  artificial 
globes,  to  force  exudation  or  vaporization,  because  the  primeval  conden- 
sation of  these  substances  cannot  generate  suflacient  heat  to  reverse  the 
process  and  make  them  reSxpand;  secondly,  the  temperature  must  be 
sufilciently  high  to  reuder  the  generated  atmosphere  outrushing. 


Graphical  logic,      lly  Ellkn  Hayks,  Professor  of  Applied  Mathemat- 
ics, Wellesley  College,  Wellesley,  Mass. 

Mill's  fifth  **canon  of  induction"  is  essentially  a  mathematical  proposi- 
tion and  Is  easily  presented  by  means  of  the  Cartesian  graph-conception. 
The  ordinary  axes  of  reference  must  be  viewed  as  cause-efl*ect  axes  which 
become  specialized  for  any  particular  subject  of  investigation.  In  the 
upper  right-hand  quarter  of  the  field  surrounding  the  origin  is  a  region 
<vhich  may  be  called  the  fleld  of  observation ;  It  represents  the  investiga- 
tor's limits  of  experiment.  Exterior  to  the  field  of  observation  is  the  fleld 
of  inference.  The  curve  expressing  the  concomitant  variations  of  two 
phenomena — whatever  kind  of  curve  it  may  be — is  an  observation  curve 
throughout  the  field  of  observation.  The  fifth  canon  is  nothing  more  or 
less  than  a  statement  that  whatever  properties  tlie  curve  may  be  shown 
to  possess  within  the  observation  fleld  may  be  attributed  to  it  in  the  in- 
ference fleld  In  both  directions.  The  generic  cause- eflfect  curve  possesses 
properties  which  must  be  shared  In  by  speclflc  curves,  but  these  prop- 
erties cannot  be  incorporated  in  the  abstract  equation  of  pure  mathemat- 
ics. +  (x,  y)  =  0. 

[This  paper  will  be  oflTered  for  publication  in  Science.] 


A  description  of   instantaneous  azimuth  and   altitude  charts  of 
THE  HEAVENS.    By  F.  W.  CoAR,  Cambridge,  Mass. 

These  charts,  eight  in  number,  are  so  constructed  that  the  stars  are 
represented  as  they  actually  appear  to  the  observer,  the  zenith  being  in 
the  center  of  the  chart.  Each  chart  contains  the  stars  of  a  celestial  hem- 
isphere. The  eight  charts  show  the  stars  as  they  become  visible  at  various 
seasons  of  the  year. 
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On   rational    right-anoi^d  tkiangles. -— II.     By  Artemas  Martin, 
U.  S.  Coast  and  Geodetic  Survey  Office,  Washington,  D.  C. 

N.  B.    The  foregoing  paper  is  a  continuation  of  the  paper  read  at  the 
last  meeting. 
[This  paper  will  be  printed  in  the  Mathematical  Magazine.] 


Variation  of  latitude  at  N.  Y.  City  and  the  constant  op  aberra- 
tion    FROM     OBSERVATIONS    WITH     A   ZENITH-TKLE8COPE      (TaLCOTT'S 

method)  at  Columbia  University  Observatory.  By  John  K. 
Rbes,  Professor  of  Astronomy,  Columbia  University  Observatory, 
N.  Y.  City,  Director,  Harold  Jacoby  and  II.  S.  Davis. 

[This  paper  will  be  printed  in  Astronomical  Journal.] 


I.N'STRUCTION  IN  ELEMENTARY  ASTRONOMY  FROM  OBSERVATIONS  MADE  BY 

THE  STUDENT.    By  Wm.  Maxwell  Rkkd,  Asslstaiit  in  Astronomy  at 
Harvard  College,  Cambridge,  Mass. 


A  SUMMARY    OF  PLANETARY    WORK  AT  THE    LOWELL    OBSERVATORY    AND 
THE  CONDITIONS  UNDER  WHICH  IT   HAS  BEEN    PERFORMED.      By   A.  E. 

Douglass,  Assistant  in  charge,  Lowell  Observatory,  Flagstaff,  Ari- 
zona. 

Observations  have  been  made  as  follows :  Mercury  and  Venus  have 
been  found  by  Mr.  Lowell  to  rotate  once  in  their  revolution  about  the  sun, 
keeping  the  same  face  towards  It.  Many  canals  have  been  found  on  Mars 
in  light  and  darlc  regions,  seasonal  changes  have  been  watched  and  the 
projections  on  the  terminator  are  interpreted  to  beclouds  forming  at  sun- 
set. Numerous  diameter  measures  indicate  the  existence  of  a  Martian 
twilight. 

Vesta  shows  a  polar  compression  of  ^^  and  Jupiter's  first  satellite  has 
been  foumi  to  have  changed  form  and  rotation  period  since  1892.  All  the 
satellites  of  Jupiter  show  well-marked  detail.  Uranus  rotates  nearly  in 
the  plane  of  its  satellites*  orbit  and  in  the  same  direction  as  they  do,  once 
in  22»»  49". 

During  the  four  months  at  Flagstaff  the  zenith  seeing  has  been  7  on 
Pickering's  scale  of  10  (standardized),  but  working  on  successions  of 
nights  has  been  an  advantage.  We  have  also  used  low  powers  and  small 
apertures. 
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Astronomy  in  southern  California.    By  Dr.  Lewis  Swift,  Director 
of  Lowe  Observatory. 

A  BRiBF  recital  of  a  few  facts  regarding  the  Lowe  Observatory  and  the 
work  accomplished  since  it  was  built  in  the  latter  part  of  1894. 


The  condition  of  the  surface  of  the  planet  Jupiter.  By  G.  W. 
Hough,  Professor  of  Astronomy,  Northwestern  University ,Evanstoii, 
m.    (Illustrated  with  lantern  slides.) 


The  Yerkbs  observatory  and  its  work.     By  George  E.  Hale,  Di- 
rector of  the  Yerkes  Observatory,  Williams  Bay,  Wis. 

A  brief  description  of  the  buildings  and  instruments  of  the  Yerkes  Ob- 
servatory, with  an  account  of  the  work  carried  on  during  the  past  year. 
(Illustrated  with  lantern  slides.) 


On  THE  DUPLEX  BASE  APPARATUS  OF  THE  UNITED  STATES  COAST  AND  GEO- 
DETIC Survey.  By  William  Eimbkck,  Assistant,  U.  S.  Coast  and 
Geodetic  Survey,  Washington,  D.  C. 


On  THE  diminution  OF  THE  REFRACTION  OF  THE  ATMOSPHERE  WITH  HEIGHT 
AND  ITS  EFFECT  UPON  TKIGONOMETRICALLY  DETERMINED  ELEVA- 
TIONS FROM  RECIPROCAL  ZENITH  DISTANCES.      By  WlLUAM  ElMBEOK, 

Assistant,  U.  S.  Coast  and  Geodetic  Survey,  Washington,  D.  C. 


Fifty  years  of  American  geodesy.     By  E.  D.  Preston,  Assistant, 
U.  S.  Coast  and  Geodetic  Survey,  Washington,  D.  C. 

The  U.  S.  Coast  and  Geodetic  Survey  was  organized  in  1807,  and  recon- 
structed in  1848.  Since  its  reorganization  there  have  been  only  fifty 
years  of  real  activity.  For  five  years  its  labors  were  interrupted  by  the 
civil  war.  During  this  half-century  of  existence  It  has  expanded  in  pro- 
portion to  the  needs  of  the  country.    Its  annual  appropriation  has  in- 
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creased  flve-fold,  while  the  personnel  and  results  have  developed  in  even 
a  ^eater  ratio.  From  a  simple  survey  along  a  small  portion  of  the  east- 
ern coast,  the  work  has  been  extended  to  embrace  a  complete  triangula- 
tion  of  the  entire  coast  of  the  United  States,  with  additional  work  in  the 
interior.  About  29,000  geographical  positions  have  been  accurately  de- 
termined. These  are  distributed  over  300,000  square  miles  of  territory. 
Nearly  6,000  original  field  sheets  are  registered  in  the  Archives  at  Wash- 
ington. Activity  has  also  been  displayed  in  the  domain  of  Physical  Hy- 
drography, Hypsometry,  Magnetism  and  Gravity.  The  publications  range 
through  Astronomy,  Mathematics,  Geodesy  and  many  kindred  subjects. 
Over  1,000  new  charts  have  been  issued  in  the  last  eight  years,  and  coast 
pilots  have  been  kept  up  to  date  for  the  Atlantic,  Pacific  and  Alaska 
coasts.  Many  improvements  have  been  introduced,  both  in  the  construc- 
tion of  instruments  and  in  the  method  of  observing.  Miscellaneous  in- 
vestigations have  been  carried  on  in  various  lines  of  research,  such  as 
variation  of  latitude,  deep-sea  exploration,  solar  eclipses  and  transits  of 
Venus. 


The  mass  and  moments  of  inertia  op  the  earth's  atmospherk.  By 
R.  S.  Woodward,  Professor  of  Mechanics,  Columbia  University,  New 
York,  N.  Y. 

The  object  of  this  paper  is  to  determine  limits  within  which  the  mass 
and  moments  of  inertia  of  the  earth's  atmosphere  must  lie.  The  con- 
clusions are,  using  round  numbers  to  express  them,  that  the  mass  of  the 
atmosphere  is  greater  than  foooooo  ^^^  ^®®^  ^^^^  tttt^  ^^  ^^®  entire  mass 
of  the  earth;  and  that  the  moments  of  inertia  of  the  atmosphere  are 
greater  than  ^^^^0^  and  less  than  ~  of  the  corresponding  moments  of 
inertia  of  the  entire  earth. 

[This  paper  will  be  printed  in  Astronomical  Journal.] 


Two  NE'w  forms  op  apparatus  por  measuring  the  acceleration  op 
gravity.  By  R.  S.  Woodward,  Professor  of  Mechanics,  Columbia 
University,  New  York,  N.  Y. 

This  paper  proposed  and  indicated  the  theory  of  two  new  forms  of 
vibrating  apparatus  which  will  afford  precise  determinations  of  the  accel- 
eration of  gravity. 


The  gravitation  constant  and  the  mean  dknsity  op  the  earth.  By 
R.  S.  Woodward,  Prof essor  of  Mechanics,  Columbia  University,  New 
York,  N.  Y. 

It  was  shown  by  the  author,  in  Astronomical  Journal,  No.  424,  January 
1898,  that  the  product  of  the  gravitational  constant  and  the  mean  density 
of  the  earth  is  equal  to  36797  X  10 ""  "  in  C.  G.  S.  units'. 
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The  present  paper  gives  an  astronomical  equivalent  for  this*  product, 
and  shows  that  although  we  cannot  find  the  sum  of  those  constants  we 
may  hope  to  find  their  quotient. 

The  desirability  of  additional  experiments  to  determine  the  gravita- 
tional constant  is  pointed  out. 


Illustrations  op  the  comftant  method  of  constructing  the  imag- 
inary LOCI  OP  analytic  geometry,  so  as  to  render  their  prop- 
erties EVIDENT  to  the  EYE.  By  Frank  H.  I.oud,  Professor  of 
Mathematics,  Colorado  College,  Colorado  Springs,  Colo. 


On  the  operation  groups  of  order  48  and  those  of  order  2p^3  p 
being  any  prime  number.    By  G.  a.  Miller,  Ithaca,  N.  Y. 

There  are  only  two  groups  of  order  48  that  do  not  contain  a  subgroup  of 
order  24.  Each  of  these  two  groups  Includes  sixteen  conjugate  subgroups 
of  order  H  and  only  one  of  order  16.  Both  of  these  selfconjugute  sub- 
groups of  order  16  are  Abellan— the  one  ct)ntalns  15  operators  of  order  2 
while  the  other  contains  12  operators  of  order  4  that  do  not  have  a  com- 
mon square.  The  total  number  of  groups  of  order  48  is  fifty-two.  Five 
of  them  are  Arbellan  and  one  is  Hamilton  Ian.  Fourteen  may  be  repre- 
sented as  the  direct  product  of  a  group  of  order  16  and  an  operator  of 
order  3. 

Whenp  is  an  odd  prime  number  there  are  just  fifteen  groups  of  order 
2p^.  Three  of  them  are  Abelian  but  none  Is  Hamiltonlan.  Ten  contain 
an  Abelian  sub^rroup  of  order  p^  while  there  are  only  two  that  contain  a 
cyclical  subgroup  of  this  order.  Each  of  the  fifteen  groups  of  order  2p' 
contains  only  one  subgroup  of  order  p^  and  five  of  these  groups  contain 
also  only  one  sub;;roup  of  order  2.  Whenp  =  2  there  are  only  fourteen 
groups  of  order  2p^  =  16.  Five  of  these  fourteen  groups  are  Abelian  and 
one  of  them  Is  Uamlltonlan. 

[This  paper  will  be  offered  to  Quarterly  Journal  of  Mathematics.] 


On  the  aim  op  the  international  society  for  promoting  the  study 
op  quarternions  and  allied  systems  op  mathematics.  by  alex- 
ANDER Macparlane,  South  Bethlehem,  Pa. 

The  paper  contained  a  brief  history  of  the  movement,  and  a  statement 
of  the  object  of  the  society.  It  showed  that  the  branch  of  mathematical 
science  which  it  is  proposed  to  promote  Is  not  narrow,  but  of  wide  extent 
and  penetrating  Into  the  heart  of  mathematical  analysis.  It  also  discussed 
some  of  the  methods  by  which  It  Is  proposed  to  accomplish  the  aim. 
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On  harmonic  functions.   By  Rollin  A.  Hakkis,  U.  S.  Coast  and  Geodetic 
Survey. 

This  paper  deals  chiefly  with  particular  solutions  of  equations  of  the 
forms 

d^V        (PV       cPV   , 
dx*    "^  dy^   "^  dz*    +•••=(> 
and 

d^lJ         .d'CI    .d'U,  N      ^ 

dx*    ~  Kdy^'^'dz*    -t  '  "  )=0. 

A  number  of  theses  or  assertions,  self-evident  or  nearly  so,  are  laid 
down  at  the  outset,  and  upon  these  many  of  the  results  which  follow 
depend. 

By  expanding  ^(az+  jSy  +  ^«  +  .  .  .  )  in  powers  ot  fty  +  yz  +  -  •  . 
in  accordance  with  Taylor's  theorem,  solutions  of  the  first  of  the  above 
forms  are  obtained  {(  a*  +  jj*  +  y*  +  ,  .  .  =  0,  and  of  the  second  if 
<*'  ~  (/3*  +  y*  +  ,.,)=  0.  For  the  purpose  of  breaking  up  the  solu- 
tions thus  obtained  into  others  still  more  special,  the  quantity  ax  +  ^y 
+  r^  +  •  .  .  is  treated  as  a  complex  variable  of  several  dimensions ;  it  is 
then  written  ax  +  iby  -\-  jcz+  ,  .  ,  ,  where  t*,  /,...  =  —!,  for  the 
first  form  of  equation,  and  ax  -{-  iby  +  jcz-^-  .  .  .  ,  where  i*,  /,...= 
+  1,  for  the  second  form.  A  variable  of  two  dimensions  yields  two  solu- 
tions (X,  For  «,  V  in  the  ordinary  theory  of  functions  when  the  first 
form  of  equation  is  considered),  a  three-dimensional  variable  yields  four 
solutions,  a  four-dimensional  variable  yields  eight.  By  these  means  any 
number  of  solutions  may  be  obtained  some  of  which  apply  to  a  vibrating 
cord,  a  vibrating  square  or  rectangular  drumhead  and  Ion;:  waves  in  a 
square  or  rectangular  tank  of  water,  waves  in  canals  with  sloping  sides, 
and  to  spherical  harmonic  functions. 

By  aid  of  the  theses  already  referred  to,  certain  expansions  and  proper- 
ties pertaining  to  zonal  harmonics,  Laplace's  cogfllcients,  tesseral  har- 
monics, and  Bessel's  functions  are  brought  out.  One  peculiarity  of  the 
treatment  consists  In  the  avoidance  of  transforming  Laplace's  equation 
into  spherical  or  cylindrical  coordinates. 

For  example,  take  the  solution  of  Laplace's  equation 

^     V-.  +  y.  +  ,.       ^        ^      ^     "^2-4        ^ 

_VS-5(y*-hz^y 

2-4-6         x'  +  •  •  • 

If,  now,  X  (x)  =  —  we  havu 
^  =  X(x)-  ii-,  (y.  +  ;,«)jr'(a:)+^|j(y«  +  Wx(a;^-  '  •  • 
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If  we  insert  this  value  of  —  in  Laplace's  equation,  clearly  the  entire 

coefflcients  of  X^'  (x),  X  (x),  .  .  .  will  therein  be  severally  zero,  and  so 
the  equation  will  be  satisfied  regardlos  of  the  nature  of  the  function  X. 
We  may  therefore  replace  X  (x)  by,  say,  sinA  j;  we  thus  obtain 

sinA  X  1  _  -1  (y«  -h  z*)  +  J^^  (y«  +  z^)-  '  *  "l  or,  sin^i  x  Jo  (o^). 

as  a  solution  of  Laplace's  equation. 


ThK     OENEltAL    THEORY    OP    ANHAKMONICS.       By    EdOAR  ODBLL    LoVBTT, 

Princeton  University. 

The  paper  shows  how  Lie*s  theory  of  the  projective  ^oup  may  be 
made  to  yield  Clifford's  statement  of  the  general  theory  of  anhar monies 
and  thus  identifies  two  theories  widely  diverse  In  appearance.  In  conclu- 
sion a  complete  generalization  of  Clifford's  theory  for  space  of  n  dimen- 
sions is  presented. 

[  The  paper  will  be  published  in  the  current  volume  of  the  Proceedings 
of  the  London  Mathematical  Society.] 


Some  notes  on  *♦  direction."     By  Samuel  Edward  Warren,  C.E., 
Newton,  Mass. 

The  above  paper  suggests  delay  In  discarding  the  terms  '* direction" 
and  *'  distance  "  in  elementary  geometry,  until  their  use  can  be  further 
discussed ;  shows  how  the  idea  of  them  may  arise  and  of  the  three,  which 
it  calls  *' independent  directions"  (for  reasons  given),  points  the  relation 
of  ** right  angles"  and  *' dimensions"  to  their  directions,  and  proceeds 
principally  to  test  certain  definitions  of  straight  and  curved  lines  which 
avoid  the  use  of  the  word  *•  direction." 


Riemann's  theta  formula.    By  Franklin  A.  Becher,  Milwaukee,  Wis. 

L  An  historical  sketch  of  theta  functions  and  development  of  Rie- 
mann's theta  formula. 

The  germinal  idea  of  these  functions  came  from  Ganss.  He  discovered 
them  and  their  main  properties,  which  he  communicated  to  Jacobi.  Abel 
and  Jacobi  made  special  discoveries  which  led  to  the  theory  of  function^ 
of  double  periodicity.  Jacobi  devoted  much  time  to  a  thorough  study  of 
the  theta  functions  upon  which  he  finally  sncceeded  in  establishing  a 
theory  of  elliptic  functions.  Rlemann  advanced  the  subject  still  further 
which  led  to  the  development  of  the  theta  formula.  Professor  Prym  and 
Dr.  Krozer  have  given  this  formiila  a  more  general  form  and  use. 

II.    Prym's  short  method  for  deriving  Riemann's  theta  formula. 
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A  note  and  saj^gestion  upon  the  above  method  for  deriving  the  formula 
of  the  form  (i.  e.  Prym's), 

2.9[,y]  ((2tO)*['?+/>l((2t?0)etc.  =  ^(— 1)    2  (£;Ar/w+£>rytt)etc. 
III.    Short  method  and  extension. 


A   QUAT£RNAKT  AND  A  TERNARY  LINEAR  GROUP  BACH  SIMPLY  ISOMORPHIC 
TO    THE    GE.VERALIZED    MODULAR    GROUP.      By    Dr.     L.    E.    DiCKSON, 

Berkeley,  California. 

This  paper  is  an  extract  from  an  article  on  **  The  structure  of  linear 
groups  with  certain  quadratic  invariants,"  which  has  been  presented  to 
the  London  Mathematical  Society.  It  determines  the  structure  of  the 
quaternary  group  In  the  Galois  Field  of  order  p",  p">'2,  of  substitutions 
leaving  invariant  the  function  $i  +  /^i  +  m  Mi  +  ^«  ^«  ^^  ^^®  ^^"^ 
indices.  Among  its  quotient  groups  occurs  one  which  is  simply  isomor- 
phic to  the  group  of  linear  fractional  substitutions  of  determinant  unity. 
A  comparison  is  made  with  the  similar  results  (published  in  the  Bulletin 
of  the  American  Mathematical  Society  for  May,  1898)  on  the  ternary 
orthogonal  group. 

[This  paper  will  be  printed  in  the  Proceedings  of  the  London  Mathe- 
<natical  Society.] 


Linear  transformations  in  four  dimensions.     By  Arthur  S.  Hath- 
away, Rose  Polytechnic  Institute,  Terre  Haute,  lud. 

[To  be  published  elsewhere.] 


The  limitations  of  the  prksrnt  solution  of  the  tidal  problem. 
By  John  F.  Haykord,  Expert  Computer  and  Geodesist,  Coast  and 
Geodetic  Survey,  Washington,  D.  C. 

The  purpose  of  the  paper  is  not  to  present  anything  new ;  but  to  call  es- 
pecial attention  to  a  point  In  which  the  present  tidal  theory  is  very  weak, 
and  at  which  it  is  important  to  strengthen  it  because  such  strengthening 
is  apt  to  lead  to  a  decided  advance  in  the  efficiency  of  tidal  theory.  The 
tides  which  would  be  produced  upon  the  earth  by  the  action  of  the  sun  and 
moon  if  It  were  covered  with  a  great  and  uniform  depth  of  water,— and 
of  which  the  theory  has  been  successfully  elaborated  in  the  past,— are  so 
radically  modified  in  the  actual  case  in  nature  by  friction,  by  great  varia- 
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tlons  In  the  depth  of  the  water,  and  by  reflection  from  shores,  that  in  ex- 
plaining the  actual  tides  theory  furnishes  very  little  except  the  periods  of 
the  various  harmonic  components  of  the  tides.  In  many  bays  and  rivers 
in  which  there  is  a  marlced  tide  these  effects  predominate  so  largely  that 
the  direct  action  of  the  astronomical  forces  may  be  neglected.  Here  then, 
the  influence  of  shores  and  bottom  should  be  studied.  In  many  regions 
there  is  an  abundance  of  well  established  facts  as  to  the  actual  tides  (as 
well  as  to  the  soundings  and  shore  line),  to  be  used  in  a  study  of  this 
question.  Whoever  succeeds  in  furnishing  an  adequate  explanation  of  the 
observed  facts  In  hays  and  rivers,  will  also  Incidentally  explain  many  of 
the  anomalous  facts  In  regard  to  oceanic  tides  and  will  make  a  great  ad- 
vance in  tidal  theory. 


On  thk  application  of  thk  prismatic  camera  to  a  general  investi- 
gation OF  THK  sun's  atmosphere    IN  STRATA  AT  ALL  POINTS  OK  THE 

LIMB.    By  Prof.  Daniel  P.  Todd,  Amherst,  Mass. 

Kesults  reached  during  the  total  eclipses  of  1896  (Nova  Zembla)  and 
1898  (India),  by  means  of  the  prismatic  camera,  indicate  the  highly  desir- 
able character  of  that  instimraent  In  the  equipment  of  future  expeditions. 
But  the  application  of  this  Instrument  should  be  much  more  extensive 
than  hitherto.  Heretofore,  on  account  of  location  of  these  instruments 
on  or  near  the  line  of  central  eclipse,  we  were  enabled  to  investigate  the 
character  and  depth  of  the  reversing  layer  and  chromosphere  at  but  few_ 
specific  points  of  the  sun's  limb.  But  by  extending  the  method  to  Include 
stations  located  all  the  way  from  the  central  line  to  the  north  and  south 
limits  of  totality,  the  application  of  the  peculiar  and  important  objective 
prism  becomes  perfectly  general,  and  the  conditions  of  the  layers  of  the 
sun's  atmosphere  may  be  investigated  all  the  way  round  the  sun's  limb. 
This  increases  the  possibilities  of  any  eclipse  many  fold,  l)ecause  of  the 
wider  location  of  stations.  Attention  is  also  directed  to  the  equal  avail- 
ability of  annular  eclipses  with  total  ones  for  this  significant  research. 


A  TIDAL  ABACUS.    By   UoLLiN   A.  Harhis,  U.   S.   Coast  and  Geodetic 
Survey. 

This  apparatus  enables  a  person  to  make  predictions  of  the  tide  l)y 
means  of  curves  upon  movable  strips,  drawn  once  for  all  at  a  given  sta- 
tion. Since  the  curves  represent  the  harmonic  components  of  the  tide, 
the  results  derived  from  their  use  should  agree  with  those  obtained  from 
tide-predicting  machines.  The  curves  shown  represented  the  tide  at 
Port  Townsend,  Washington.  General  directions  for  their  constracthm 
and  use  are  given  on  pages  183-185  in  the  U.  8.  Coast  and  Geodetic  Sur- 
vey Report  for  1894,  but  the  apparatus  is  now  exhibited  for  the  first  time. 
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A  PROPOSED  TIDAL  ANALYZER.     By  R01.1.IN  A.  HARRIS^  U.  S.  Coast  and 
Geodetic  Survey. 

The  object  of  this  paper  is  to  show  the  feasibility  of  constructing  a 
machine  such  that  If  into  it  the  hourly  heights  of  the  sea  be  entered 
once,  they  will  be  distributed  and  added  in  the  various  ways  required  in 
tidal  work. 

Nearly  all  of  the  many  wheels  us*»d  are  of  two  kinds,  — a  fact  which 
would  be  of  great  Importance  in  its  actual  con8t4*uction. 


The  harmonic  analysis  of  high  and  low  waters.    By  Rollin  A. 
Harris,  U.  8.  Coast  and  Geodetic  Survey. 

The  process  consists  essentially  in  supplying  by  interpolation,  without 
drawing  the  tide  curve,  the  hourly  heights  of  the  semidiurnal  portion  of 
the  curve.  These  are  summed  and  analyzed  for  the  semidiurnal  compo- 
nents as  if  they  were  true  heights  of  the  surface  of  the  sea.  Knowing 
from  observation  the  times  and  heights  of  the  actual  high  and  low  waters, 
and  having  all  liourly  heights  of  the  semidiurnal  tide  supplied  as  just 
stated,  the  former  heights  when  diminished  by  the  corresponding  values 
o(  the  latter,  give  points  on  the  diurnal  curve.  These  are  summed  and 
analyzed  for  the  diurnal  components  as  if  they  were  true  heights  of  the 
surface  of  the  sea. 


The  treatment  of  rf.su i.ts  from  reflection  observations  at  the 
Giucenwich  observatory.  By  Prof.  J.  R.  Eastman,  Washington, 
D.  C. 

From  the  earliest  use  of  the  Transit  Circle  at  Greenwich,  the  practice 
of  considering  the  values  of  R.-l).  as  corrections  to  all  observations  of 
stars,  either  direct  or  reflected,  has  been  carried  out  in  the  most  rigorous 
manner.  It  has  always  been  assumed  that  a  part  of  the  correction  was  a 
function  of  the  zenith  distance  and  continuous  from  N.  to  S.  Certain 
expressions  have  been  framed  every  year  to  represent  as  far  as  possible  the 
observed  values  of  R.-D.  This  paper  gives  the  results  of  an  exami- 
nation of  the  Greenwich  work  for  forty-two  years  and  apparently  shows 
that  the  Greenwich  assumption  in  regard  to  the  variation  of  the  values  of 
R.-D.  in  Z.  D.  is  not  borne  out  by  the  observation. 


Report  on  recent  progress  in  the  theory  of  the  groups  of  a  unite 
ORDER.    By  G.  A.  Miller. 

The  object  of  the  report  is  to  outline  some  of  the  recent  progress  with 
a  view  to  obtaining  a  clear  understanding  of  some  problems  which  seem 
to  offer  suitable  subjects  for  investigation.    It  is  divided  into  four  sec- 
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tions  bearing  the  following  headings,  in  order :  solvable  groups,  simple 
gronps,  substitution  groups,  abstract  groups. 

During  the  last  two  years  it  has  been  shown  that  it  is  possible  to  prove 
the  solvability  of  a  group  by  the  method  which  Lie  employed  to  prove 
that  a  continuous  group  is  integrable.  This  method  is  theoretically  ele- 
gant, but  our  knowledge  of  the  formation  of  commutators  is  still  too  im- 
perfect to  make  it  very  useful  in  practical  cases.  Frobenius  has  been  the 
most  successful  during  recent  years  in  adding  new  systems  of  groups  to 
the  groups  that  are  known  to  be  solvable. 

The  simple  groups  of  a  composite  order  are  of  extreme  importance  in 
the  study  of  solvable  groups.  If  there  were  no  such  simple  groups  every 
group  would  be  solvable.  A  number  of  systems  of  simple  groups  have 
recently  been  discovered.  The  first  of  these  was  found  by  Moore  by 
means  of  an  extension  of  the  ordinary  concept  of  congruences. 

Although  the  theory  of  substitution  groups  was  first  developed,  yet 
there  are  numerous  problems  in  this  theory  which  remain  to  be  investi- 
gated. One  of  the  most  difficult  of  these  problems  is  the  determination 
of  the  class  of  the  primitive  groups  that  do  not  include  the  alternating 
group.  In  his  memoir  crowned  by  the  French  Institute,  with  the  great 
mathematical  prize  in  1896,  Maillet  made  considerable  progress  towards 
the  solution  of  this  problem. 

Cayley  first  called  attention  to  the  fact  that  a  group  should  be  defined  by 
the  law  of  combination  of  its  operators.  Such  a  group  is  called  an  ab- 
stract group.  In  these  groups  the  generational  relations  and  the  defini- 
tions occupy  a  much  more  prominent  place  than  In  the  theory  of  concrete 
groups.  The  results  obtained  in  this  way  find  more  direct  applications 
to  some  problems  than  those  of  substitution  gronps. 

[The  report  is  to  be  published  in  full,  in  the  Bulletin  of  the  American 
Mathematical  Society.] 

A  DESCRIPTION  OF  THE  AXTI- AZIMUTH   INSTUU.MENT  RECENTLY  CONSTRUCT- 
ED FOR  THK  U.    S.  NAVAL    OBSERVATORY.      By  GeORGE  A.  HiLL,  U.  S. 

Naval  Observatory,  >Vasl»lngton,  D.  C. 


Personal  equations  duking  the  past  century,  a  brief  summary.  By 
Truman  Henry  Safford,  Professor  of  Astronomy,  Williams  Col- 
lege, Williamstown,  Mass. 


Triangles  whose  sidks  and  areas  ake  rkpuesknted  by  whole  mem- 
bers. By  Truman  Henry  Saffoiu),  Professor  of  Astronomy,  Wil- 
liams College,  WiUllamstown,  Mass. 


The  western  boundary  survey  of  Maryland  of  1897.     By  Dr.  L.  A. 
Baukh,  University  of  Cincinnati,  Cincinnati,  ©hio. 
[This  paper  will  be  printed  in  Reports  of  Maryland  Geological  Survey.] 
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The  domain  of  physiological  optics,  formerly  much  frequented 
by  students  of  physics,  has  of  late  been  administered  chiefly  by 
psychologists.  So  far  is  this  true  that  I  have  hesitated,  in  prepar- 
ing an  address  upon  a  subject  in  this  realm,  lest  I  should  be  ac- 
cused of  passing  entirely  beyond  that  borderland  which  lies  between 
us  and  our  sister  science,  of  trespassing  in  a  foreign  country,  and 
risking  international  complications.  Yet  a  subject  which  has  owed 
its  development  to  Newton  and  Young,  Maxwell  and  Helmholtz, 
to  mention  no  other  names,  can  hardly  be  out  of  place  here.  The 
methods  of  investigation  are  largely  those  of  the  physicist,  the  phe- 
nomena attend  every  optical  research,  the  results  are  of  frequent 
physical  application.  Within  the  past  few  years,  however,  most  of 
the  work  on  color-vision  has  been  done  by  other  hands,  and  the  re- 
sults have  not  appeared  in  the  physical  journals.  It  seemed  worth 
while,  therefore,  to  review  briefly  the  progress  of  scientific  theory 
in  this  direction,  and  to  sum  up,  so  far  as  possible,  the  present 
state  of  our  knowledge. 

For  oar  purpose  we  must  go  back  as  far  as  Sir  Isaac  Newton,  to 
whom  we  owe  the  first  definite  and  intelligible  hypothesis  as  to  the 
nature  of  color-vision. 

*'  If  at  any  time,"  he  says,  ^'I  speak  of  Light  and  Rays  as  col- 
oured or  endued  with  Colours,  I  would  be  understood  to  speak  not 
philosophically  and  properly,  but  grossly,  and  according  to  such 

(83) 
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Conceptions  as  vulgar  People  in  seeing  all  these  Experiments 
would  be  apt  to  frame.  For  the  Rays  to  speak  properly  are  not 
coloured.  In  them  is  nothing  else  than  a  certain  Power  and  Dis- 
position to  stir  up  a  Sensation  of  this  or  that  Colour." 

"  For  as  Sound  in  a  Bell  or  musical  String  or  other  sounding 
Body  is  nothing  but  a  trembling  motion,  and  in  the  Air  nothing 
but  that  Motion  propagated  from  the  Object,  and  in  the  Sensorium 
'tis  a  Sense  of  that  Motion  under  the  form  of  Sound ;  so  Colours 
in  the  Object  are  nothing  but  a  Disposition  to  reflect  this  or  that 
sort  of  Kays  more  copiously  than  the  rest ;  in  the  Rays  they  are 
nothing  but  their  dispositions  to  propagate  this  or  that  Motion  into 
the  Sensorium,  and  in  the  Sensorium  they  are  Sensations  of  those 
Motions  under  the  forms  of  Colours."^ 

Again,  with  greater  definiteness,  Newton  writes :  "To  explain 
colours,  1  suppose  that  as  bodies  of  various  sizes,  densities,  or  sen- 
sations, do  by  percussion  or  other  action  excite  sounds  of  various 
tones,  and  consequently  vibrations  in  the  air  of  different  bigness, 
so  the  rays  of  light,  by  impinging  on  the  stiff  refracting  superficies, 
excite  vibrations  in  the  ether  ...  of  various  bigness ;  the  biggest, 
strongest,  or  most  potent  rays,  the  largest  vibrations ;  and  others 
shorter,  according  to  their  bigness,  strength,  or  power;  and  there- 
fore the  ends  of  the  capillamenta  of  the  optic  nerve,  which  pave  or 
face  the  retina,  being  such  refracting  superficies,  when  the  rays 
impinge  upon  them,  they  must  there  excite  these  vibrations,  which 
vibrations  (like  those  of  sound  in  a  trunk  or  trumpet)  will  run 
along  the  aqueous  pores  or  crystalline  pith  of  the  capillamenta, 
through  the  optic  nerve  into  the  sensorium  ;  and  there,  I  suppose, 
affect  the  sense  with  various  colours,  according  to  their  bigness 
and  mixture  ;  the  biggest  with  the  strongest  coloure,  reds  and  yel- 
lows, the  least  with  the  weakest,  blues  and  violets;  the  middle 
with  green ;  and  a  confusion  of  all  with  white,  much  after  the  man- 
ner that  in  the  sense  of  hearing.  Nature  makes  use  of  aerial  vibra- 
tions of  several  bignesses,  to  generate  sounds  of  divers  tones ;  for 
the  analogy  of  Nature  is  to  be  observed. "^ 

These  passages  are  quoted — and  several  others  might  be  added — 
to  show  that  Newton  ascribes  no  peculiar  function  or  activity  to 
the  terminals  of  the  optic  nerve.  They  are  set  in  vibration  by  the 
rays  of  light ;  their  vibrations  are  transmitted  to  the  higher  regions 

»OptlckB:  3d  edition,  1721,  p.  108. 

» Quoted  by  Young,  Plill.  Trans.,  1802,  p.  19. 
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of  the  sensorium,  where  they  become  sensations  of  light  and 
color.  As  to  the  physical  nature  of  the  rays  themselves,  or  the 
reason  why  they  should  excite  in  the  nerve-fibres  vibrations  of  dif- 
ferent length,  Newton  makes  no  guess. 

This  is  a  definite  theory  of  color-perception,  and,  as  Rutherford 
has  pointed  out,  one  of  great  value,  but  presenting  obvious  diffi- 
culties. 

Some  of  these  difficulties  led  Thomas  Young  to  that  modified 
form  of  Newton's  views,  which  in  the  famous  Bakerian  lecture,  he 
describes  as  follows : — 

"  Since  .  .  .  ,  it  is  probable  that  the  motion  of  the  retina 
is  rather  of  a  vibratory  than  an  undulatory  nature,  the  frequency 
of  the  vibrations  must  be  dependent  ou  the  constitution  of  this  sub- 
stance. Now,  as  it  is  almost  impossible  to  conceive  each  sensi- 
tive point  of  the  retina  to  contain  an  infinite  number  of  particles, 
each  capable  of  vibrating  in  perfect  unison  with  every  possible 
undulation,  it  becomes  necessary  to  suppose  the  number  limited, 
for  instance  to  the  three  principal  colours,  red,  yellow  and  blue 
.  .  .  and  that  each  of  the  particles  is  capable  of  being  put 
in  motion  less  or  more  forcibly,  by  undulations  differing  less  or 
more  from  a  perfect  unison ;  .  .  .  and  each  sensitive  filament 
of  the  nerve  may  consist  of  three  portions,  one  for  each  principal 
colour.'*  Young,  as  is  well  known,  afterward  substituted  green 
for  yellow,  in  his  triad  of  principal  colors. 

It  is  to  be  obsefved  that  the  '*  particles  "  spoken  of  in  the  above 
quotation,  as  vibrating  in  unison  with  the  undulations  of  light,  are 
not  to  be  considered  as  molecules,  in  the  modern  sense.  He  speaks 
of  them  as  particles,  then  as  sensitive  filaments,  and  in  a  later 
paper  on  the  same  subject,  as  "sympathetic  fibres."  A  suppo- 
sition, such  a^  has  been  urged,  that  Young  is  here  speaking  of 
molecular  constitution,  and  anticipating  the  photochemical  theories 
of  our  own  day,  is  an  anachronism.  Young  is  thinking  of  the 
wave-theory  of  light,  and  of  sympathetic  vibrations,  or,  as  we 
should  say,  of  resonance.  One  who  meant  chemical  decomposition 
would  not  speak  of  the  shattered  molecules  as  sympathetic  fibres. 
Young,  in  fact,  is  not  consciously  proposing  a  new  theory,  much 
less  one  so  startlingly  different.  He  is  simplifying  Newton's, 
making  for  that  purpose  four  hypotheses,  three  of  which,  as  he 
remarks  himself,  '*  are  literally  parts  of  the  more  complicated 
Newtonian   system."     Young's  theory   seems   to  have  attracted 
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little  attention,  until  brought  once  more  to  public  notice  by  Ilelm- 
holtz,  in  1860. 

Helmholtz  suggests  one  objection  to  the  theory,  and  a  modifica- 
tion to  obviate  the  objection,  but  remarks  that  the  essence  of  the 
theory  does  not  lie  in  this  or  that  special  assumption,  but  in  the 
fact  that  the  color-sensations  are  conceived  as  compounded  out  of 
three  entirely  independent  properties  in  the  nerve-substance. 

Therefore,  he  says,  if  only  for  the  sake  of  clearness  of  repre- 
sentation, he  uses  Young's  original  and  simple  form  of  statement, 
ascribing  the  different  color  sensations  to  three  kinds  of  nerve- 
endings  in  the  retina,  sensitive  respectively  to  red,  green  and  violet 
light,  the  sensation  of  white  to  the  equal  excitation  of  all  three 
sets  of  nerve-fibres,  and  color-blindness  to  the  absence  of  one  or 
more  of  the  sets  of  such  fibres.  He  puts  into  Young's  words, 
however,  an  entirely  different  meaning,  by  classifying  Young's 
hypothesis  as  "only  a  special  application  of  tlie  law  of  specific 
sense-activities."  This  statement,  a  most  natural  one  to  a  pupil 
of  Johann  Mueller,  changes  the  whole  character  of  the  theory,  and 
makes  it  really  a  new  one. 

The  hypothesis  in  this  simple  form  met  very  well  the  conditions 
of  normal  vision,  and  the  cases  of  color-blindness  thus  far  studied. 
DiflQculties  soon  arose.  Color-blind,  especially  red-blind  persons, 
persisted  in  calling  the  principal  colors  seen  in  the  spectrum,  yellow 
and  blue,  instead  of  green  and  blue,  as  they  should  have  done  if 
the  red  sensation  were  simply  absent.  It  was  long  supposed  that 
this  was  merely  a  question  of  naming  the  colors,  and  that  those 
actually  seen  were  green  and  blue.  So  lately  as  1892  the  report 
of  the  British  Association  committee  on  color-vision  contains 
colored  spectrum- plates,  in  which  the  spectrum  as  seen  by  a  red- 
blind  person  is  shown  as  composed][of  green  and  blue,  while  that 
seen  by  a  green-blind  person  is  formed  of  red  and  blue.  Abney 
prefixes  the  same  plate  to  his  Tyndall  lectures  on  color- vision ,  pub- 
lished in  1894.  But  in  1881 ,  HippeU  and  Holmgren^  had  examined 
the  vision  of  a  person,  one  of  whose  eyes  was  normal,  the  other 
typically  color-blind.  All  the  long- waved  end  of  the  spectrum 
was  described  as  yellow,  the  sensation  being  tested  by  comparison 
with  the  normal  eye.  Other  cases  of  color-blindness,  arising  from 
disease,  corroborate  this  testimony.     It  is  evident  that  a  simple 

»  Arch.  f.  Ophthal.  xxvi  (2)  p.  176,  18iK);  xxvii  (3)  p.  i7,  1881. 
«  See  Proc.  Roy.  Soc.  No.  209. 
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absence  of  one  of  the  fundamental  sensations  is  not  enough  to  ac- 
count for  the  facts. 

But  more  than  the  ordinary  color-blindness  comes  into  the  ques- 
tion. It  was  discovered  that  the  normal  eye  is  color-blind  by  in- 
direct vision,  the  condition  gradually  increasing  from  the  central 
portion  outward,  and  culminating  in  the  periphery  of  the  retina  in 
absolute  insensibility  to  color.  The  sensation  of  white  cannot  in 
this  case  be  produced  by  a  mixture  of  three  color-sensations,  be- 
cause color-sensation  does  not  exist. 

In  1777  was  described,  in  the  Philosophical  Transactions  of  the 
Royal  Society,  the  well-known  case  of  the  shoemaker  Harris,  ap- 
parently the  first  recorded  case  of  complete  color-blindness.  In 
1«71  Bonders  made  a  careful  study  of  another  case.  So  rare  is 
this  defect,  however,  that  so  assiduous  an  observer  as  Holmgren 
in  1877  had  never  seen  it  and  doubted  its  existence,  and  in  1889 
Helmholtz  simply  passes  it  by,  saying  that  the  eye  so  affected  is 
always  in  other  ways  ailing  and  sickly,  the  implication  being  that 
the  effect  was  so  far  from  the  ordinary  and  so  pathological  in  char- 
acter that  it  need  not  be  considered.  But  by  1892  a  sufficient 
number  of  such  cases  had  been  examined  to  establish  the  existence 
of  this  as  a  distinct  type  of  color- vision,  and  one  which  must  be 
accounted  for. 

A  third,  and  even  more  striking  departure  from  the  simple  con- 
ditions of  the  original  theory  was  found  in  the  remarkable  change 
in  the  chai'acter  of  color-sensations  in  faint  light,  the  spectrum  be- 
coming simply  a  colorless  strip  of  graduated  brightness. 

We  have  then  three  different  types  of  varying  color  sensibility  : 

1.  In  the  eyes  of  different  persons,  beginning  with  the  normal- 
eyed,  passing  through  the  variation  studied  by  Rayleigh  and 
Donders,  which  while  recognizing  all  colors,  yet  in  the  character  of 
the  sensations  makes  a  step  toward  green-blindness,  then  the  two 
well-marked  divisions  of  the  color-blind,  red-  and  green-blind,  and 
finally  the  eye  which  perceives  no  color.  These  different  classes 
are  well  marked,  and  few  intermediate  forms  are  found. 

2.  In  the  same  eye,  under  differing  degrees  of  brightness.  As 
the  spectrum  gradually  diminishes  in  brightness,  the  colors  change. 
Red  tends  toward  yellow,  yellow  toward  green,  green  becomes 
bluish.  All  the  colors  vanish  by  degrees,  red  disappearing  firet, 
and  the  spectrum,  still  visible  through  the  greater  part  of  its 
length,  appears  without  color.     Here  the  intermediate  stage  is  a 
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sort  of  red-bliDdness,  but  the  final  result  is  the  same  for  all  eyes, 
that  is,  the  distribution  of  brightness  for  the  normal  and  the  color- 
blind eye  appears  to  be  precisely  the  same,  a  circumstance,  as  we 
shall  see,  of  much  importance. 

3.  In  a  single  eye,  passing  from  the  center  outward.  The 
fovea  hnd  the  zone  suiTOunding  it  are  sensitive  to  all  colors. 
Outside  of  this  the  eye  becomes  gradually  insensitive  to  color,  the 
sensation  of  red  and  green  disappearing  first,  afterwards  yellow, 
and  finally  blue.  The  outer  part  of  the  retina  is  insensitive  to  all 
color,  but  its  condition  may  be  quite  different  from  that  of  the 
eye  of  a  totally  color-blind  person,  or  a  normal  eye  in  faint  light. ^ 

In  attempting  to  account  for  these  varied  phenomena,  the  Helm- 
holtz  theory  loses  its  striking  simplicity.  It  is  no  longer  possible  to 
explain  color-blindness  by  the  absence  of  one  or  more  sets  of 
sensitive  fibres,  or  the  white  seen  by  a  totally  color-blind  retina, 
as  compounded  from  the  three  fundamental  sensations  —  in  any 
ordinary  way. 

Helmholtz,  in  1860,  made  the  suggestion,  which  was  afterward 
amplified  by  Fick  and  Konig,  of  a  possible  changeability  in  the 
character  of  the  three  fundamental  sensations.  Albert,  in  1882, 
from  a  study  of  the  color-changes  in  faint  light,  pointed  out  the 
direction  and  character  of  the  corresponding  sensation-changes.^ 

A  method  by  which  such  changes  might  be  brought  about  was 
not  difficult  to  suggest.  The  idea  of  Newton  and  Young,  of 
nerve-flbres  vibrating  in  unison  with  the  light-waves,  had  grown 
increasingly  improbable  as  on  the  one  hand  the  rate  of  vibration 
of  light  became  known,  and  on  the  other,  the  maximum  rapidity 
of  vibration  transmissible  by  a  nerve-fibre,  which  is  a  quantity  of 
an  entirely  different  order.  Hence  most  modern  theorists  have 
turned  to  photo-chemical  action,  and  Helmholtz  among  the  rest, 
although  with  characteristic  caution,  he  advocates  no  particular 
form  of  light- effect,  resting  the  claims  of  his  theory,  in  the  second 
edition  of  his  great  book  as  in  the  first,  on  the  physical  possibili- 
ties of  representing  all  colors  by  means  of  three.  But  if  we  sup- 
pose red-sensitive,  green-sensitive,  and  violet-sensitive  molecules, 
there  is  no  difficulty,  when  one  thinks  of  modem  photographic 
processes,  in  supposing  that  the  green-sensitive  substance,  for 
example,  may  be  so  chemically  changed  as  to  coincide  in  character 

» Von  Kries,  Centralblatt  f .  Phyeiologle,  x,  pp.  745-749, 1896. 
«  Albert,  Wied.  Ann.  16,  p.  129, 1882. 
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with  the  red-sensitive.  Each  would  send  to  the  brain  the  impres- 
sion of  its  own  characteristic  color,  while  each  would  be  affected 
in  exactly  the  same  manner  by  any  given  light.  In  other  words, 
the  color  curve,  corresponding  to  the  sensation  of  the  fundamental 
green  in  the  Young-Helmboltz  theory,  would  be  more  or  less  per- 
fectly superposed  upon  that  of  the  fundamental  red. 

As  a  result,  there  would  be  no  more  sensation  of  green,  or  red, 
but  only  of  their  compound,  yellow.  Now  this  is  just  what  a 
color-blind  person  sees,  as  Hippel  and  Holmgren  showed  in  their 
long-neglected  papers  already  referred  to. 

So  peripheral  color-blindness  may  be  explained  by  a  gradual 
approximation  of  the  three  color-substances,  and  a  gradual  super- 
position of  the  corresponding  sensation-curves,  until  in  the  outer 
zone  all  three  coincide. 

But  when  we  attempt  to  apply  this  suggestion  to  all  the  changes 
noted  before,  in  ordinary  color-blindness,  peripheral  color-blind- 
ness, and  twilight  color-blindness,  as  von  Kries  happily  calls  it, 
the  shifting  of  the  curves  becomes  so  great  and  so  various,  that 
we  realize  that  we  are  dealing  no  longer  with  a  scientific  theory, 
but  with  fanciful  and  arbitrary  arrangement.  As  a  first  approxi- 
mation, the  Young- Helmholtz  hypothesis  rs  valuable,  leading  to 
simple  and  definite  connections  between  great  numbers  of  facts. 
As  a  detailed  explanation  of  existing  phenomena,  it  is  unsatis- 
factoiy,  and  growing  more  so  daily. 

One  thing  is  becoming  steadily  evident,  that  the  sensation  of 
brightness,  perhaps  also  the  sensation  of  white,  must  be  accounted 
for  in  some  other  way  than  as  a  summation-effect  of  separate 
color-sensations.  Another  class  of  phenomena  points  yet  more 
directly  to  this  view.  I  refer  to  the  discovery  of  Rood  that  the 
effect  of  sudden  variations  in  brightness,  the  "  flicker'*  sensation, 
is  dependent  on  brightness  alone,  and  not  upon  color.  It  is  difiS- 
cult  for  one  who  has  seen  how  easily  and  definitely  a  red  and  a 
gray,  or  a  red  and  a  blue,  can  be  compared  in  brightness  by  this 
method,  to  believe  that  bright ness  is  not  an  independent  sensation. 
The  words  of  Jlelmholtz  are  worth  quoting  here.  "  As  to  my- 
self," he  says,  "  I  have  always  tlie  feeling,  that  in  photometric 
comparison  of  diflTerent  colors,  it  is  a  question,  not  of  the  com- 
parison of  one  sort  of  magnitude,  but  of  the  combined  effects  of 
two,  brightness  and  color,  of  which  I  cannot  form  a  simple  sum- 
mation and  of  which  1  can  give  no  scientific  definition." 
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The  strongest  point  of  attack  upon  the  Young  -  Helmholtz  color- 
theory  has  in  fact  always  been  the  explanation  of  the  white  sen- 
sation, and  one  of  the  principal  advantaires  of  the  theory  pro- 
posed by  Hering  in  1874  was  the  separation  of  the  white-sensation, 
which  he  identified  with  the  sensation  of  brightness,  from  special 
connection  with  the  color-sensations,  or  rather  his  including  it, 
upon  the  same  level,  in  the  list  of  his  three  sets  of  opposing  colors, 
black-white,  red-green,  yellowrblue. 

A  photo-chemical  substance  is  supposed  to  exist  in  the  eye  — 
where,  it  is  not  decided  —  which  possesses  the  remarkable  property 
that,  if  acted  upon  by  light  of  one  wave- lengthy  its  molecules  are 
dissociated  or  dissimilated  ;  if  acted  upon  by  light  of  another  wave- 
length, they  are  built  up  or  assimilated  again.  This  substance 
exists  in  three  forms  :  one  is,  let  us  say,  dissimilated  by  red  light, 
assimilated  by  green ;  one  is  similarly  acted  upon  by  yellow  and 
blue,  and  one  by  white  and  black.  There  are  thus  six  color-proc- 
esses, arranged  in  three  pairs.  They  are  antagonistic  in  char- 
acter, so  that  if  red  and  green,  or  yellow  and  blue  light,  act  on  the 
retina  at  the  same  time  and  with  equal  strength,  they  neutralize 
each  other  and  the  sensation  of  color  is  completely  destroyed.  It 
is  difficult  to  form  a  clear  conception  of  these  processes.  Photo- 
chemical actions  of  a  somewhat  antagonistic  character  are  well 
known,  but  the  analogies  between  them  and  the  visual  processes 
are  hardly  close  enough  to  be  of  great  assistance. 

The  hypothesis,  however  difficult  to  conceive  of  in  itself,  is  very 
definite,  and  explains  as  well  as  the  Young-Helmholtz  theory,  the 
results  of  ordinary  golor-vision,  and  in  respect  to  subjective  phe- 
nomena, as  contrast,  or  after-images,  is  much  more  satisfactory,  in 
formal  statement,  at  least. 

But  it  fails  equally,  though  for  different  reasons,  to  explain  sat- 
isfactorily the  more  lately  discovered  or  less  evident  phenomena  of 
vision. 

Complementary  colors  are  regarded,  on  this  theory,  as  mutually 
destructive,  the  one  representing  an  assimilative,  the  other  a  dis- 
similative  process.  The  white  or  gray  which  results  from  their 
combination  is  due  to  the  action  on  the  white-black  visual  sub- 
stance, which  was  unperceived  in  the  separate  colors,  being  masked 
by  their  greater  brilliancy,  but  becomes  effective  when  they  are 
neutralized  by  mixture.  If  two  equal  grays  are  formed,  one  let  us 
say  from  red  and  green,  the  other  from  yellow  and  blue,  they  must 
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according  to  the  theory  contain  equal  amounts  of  white,  and  the 
colors  in  each  are  completely  neutralized.  They  should  therefore 
remain  equal  at  all  degrees  of  brightness.  But  Ebbinghaus,*  by 
mixing  spectral  colors,  and  Mrs.  Franklin,^  with  color-disks,  have 
shown  that  this  is  not  true.  If  they  are  made  equal  when  bright, 
and  the  intensity  gradually  diminished,  the  red-green  mixture 
greatly  exceeds  in  brightness.  If  they  are  equated  when  of  feeble 
intensity,  and  then  made  brighter,  the  yellow-blue  mixture  sur- 
passes. Konig3  has  lately  examined  this  with  much  elaboration, 
confirming  these  results,  and  showing  also  that  the  brightness  of  a 
gray  obtained  thus  by  mixture  is  always  equal  to  the  sum  of  the 
brightness  of  the  separate  colors,  whether  by  bright  or  faint  light. 

This  single  experiment,  so  amply  confirmed,  appears  completely 
destructive  to  Heriiig's  fundamental  hypothesis,  at  least  in  its  orig- 
inal and  simple  form. 

It  may  be  remarked  in  passing  that  photometric  methods  which 
have  been  proposed,  of  comparing  lights  of  different  colors  l»y 
reducing  their  brightness  until  the  color-differences  vanish,  are 
worthless. 

Other  phenomena  of  similar  character  exist  which  are  equally  dif- 
ficult of  explanation.  Hering  regards  some  of  these  as  phenomena 
of  adaptation,  and  shows,  in  his  remarkable  paper  on  Purkinje's 
phenomenon,  published  in  1895,  that  the  state  of  the  retina,  as 
conditioned  by  previous  exposure  to  light,  affects  greatly  the  per- 
ception of  color.  Attention  to  this  fact  is  necessary  in  photometric 
comparisons.  The  eye  should  be  kept  in  the  same  condition,  as 
nearly  as  possible,  throughout  any  set  of  observations.  But  careful 
measurements  by  von  Kries  and  others,  keeping  the  eye  carefully 
adapted  for  brightness,  have  proved  that  Puri<inje*s  phenomenon 
exists,  whatever  the  state  of  the  eye,  though  much  modified  by 
adaptation. 

Another  cause  of  false  color- appreciation,  insisted  upon  by  Her- 
ing. is  the  pigmentation  of  the  macula.  This  is  certainly  of  impor- 
tance. In  experiments  with  color-disks  the  apparatus,  to  secure 
consistent  results,  must  always  be  placed  at  the  same  distance  from 
the  eye.  A  color-match  made  with  the  disks  dose  to  the  eyes  will 
in  general  not  hold  if  the  observer  steps  back  a  few  feet,  because 

»  Zeitechrift  fOr  Psychol,  und  Pbyelol.  der  Sinnesorgane,  v.  p.  146,  1898. 

*  Mind,  N.  8..  II,  p.  487, 1893. 

*  Ber.  d.  Preuss.  Akad.  p.  945, 1896. 
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the  macula  covers  in  the  two  cases  a  very  different  portion  of  the 
retinal  image  of  the  disks.  The  region  corresponding  to  the  macula, 
indeed,  can  generally  be  seen  projected  upon  the  surface  of  the 
revolving  disks,  as  a  spot  inclining  more  to  reddish  than  the  re- 
mainder of  the  surface.  The  intensity  of  the  yellow  pigment,  dif- 
fering in  the  eyes  of  different  people,  must  affect  their  general 
perception  of  color. 

The  well-marked  divisions  of  the  color-blind,  into  green-blind 
and  red-blind,  as  they  would  be  called  in  the  Young-Helmholtz 
theory,  were  explained  by  Hering  as  due  to  the  more  or  less  deeply 
pigmented  macula.  But  the  utter  inadequacy  of  this  explanation 
has  been  abundantly  shown. 

Perhaps  the  most  striking  difference  between  the  Hering  hypoth- 
esis and  the  facts  is  shown  in  the  distribution  of  color- sense  in 
different  parts  of  the  retina.  Ability  to  distinguish  colors  de- 
creases gradually  from  the  center  to  the  exterior.  The  distinction 
of  red  and  green  disappears  first,  then  the  yellow  becomes  uncer- 
tain, and  finally  blue  disappears,  the  outer  zone  of  the  retina  being 
devoid  of  color-sense.  The  zones  are  not  well  defined,  varying  with 
the  brightness  of  the  light,  and  the  size  of  the  colored  surface.  But 
making  due  allowance  for  these  circumstances,  the  area  within  which 
red  is  distinguishable  differs  from  that  occupied  by  green,  and  the 
yellow  sensation  differs  in  extent  from  the  blue.  If  red  and  green, 
or  yellow  and  blue,  are  due  to  the  presence  of  the  same  visual  sub- 
stance, it  seeras  that  the  boundaries  should  be  co-extensive. 

Even  the  sensation  of  white  presents  similar  varialions.  There 
are,  as  has  been  already  said,  three  cases  in  which  the  color- sense 
is  wanting  :  the  totally  color-blind  eye, the  normal  eye  in  faint  light, 
and  the  periphery  of  the  retina.  The  brilliant  discovery  of  Hering, 
in  1891,  that  the  distribution  of  brightness  in  the  spectrum  in  the 
first  two  cases  is  the  same,  aroused  great  interest  in  the  theory  of 
the  sensation  of  white,  and  went  far  toward  establishing  its  posi- 
tion as  a  distinct  and  separate  sensation.  The  third  case,  it  was 
taken  for  granted,  fell  under  the  same  law.  But  in  1896  von  Kries 
showed  that  the  distribution  of  brightness  in  the  spectrum  as  seen 
by  the  outer  zone  of  the  retina  is  different,  being  practically  the 
same  as  in  the  central  portion,  with  its  maximum  in  the  yellow, 
and  that  the  peripheral  zone  in  the  retina  of  a  color-blind  person 
shows  the  same  deficient  sensation  for  the  longer  wave-lengths,  as 
in  the  color  perceiving  portions  of  the  eye. 
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This  is  a  matter  of  so  much  interest,  that  I  have  re-examined  it 
with  the  flicker  photometer,  with  results  differing  materially  from 
those  of  von  Kries.  According  to  my  experiments,  the  brightness  of 
the  colors  of  long  wave-length  diminishes  continually,  while  that 
of  the  shorter  wave-lengths  increases  continually,  from  the  cen- 
ter of  the  visual  field  to  its  circumference.  The  conditions  under 
which  von  Kries  worked,  however,  were  so  different  from  mine, 
that  I  cannot  regard  my  results  so  far  as  necessarily  invalidating 
his.  If  his  results  are  confirmed,  they  show  that  the  sensation  of 
white  in  the  normal  eye  is  not  completely  determined  by  the 
twilight  sensation,  or  that  of  the  totally  color-blind.  It  contains 
elements  derived  from,  or  connected  with,  the  mechanism  produc- 
ing the  sensation  of  color,  even  in  those  portions  of  the  retina 
where  no  color-sensation  exists. 

1  have  discussed  these  two  theories  somewhat  at  length,  because 
our  growth  in  knowledge  of  the  facts  of  color-sensation  has  been 
conditioned  largely  by  their  existence.  The  enormous  amount  of 
work  which  has  been  done  on  the  vision  of  the  color-blind,  on 
color-vision  by  varying  illumination,  on  peripheral  color-vision, 
not  to  mention  researches  upon  more  purely  subjective  phenomena, 
has  been  largely  suggested  by  aspects  of  one  or  the  other  of  these 
theories,  or  undertaken  with  a  view  to  testing  portions  of  them, 
and  there  has  seemed  no  better  method  of  exhibiting  the  results  of 
these  researches,  than  by  placing  them  in  connection  with  the  hy- 
potheses they  were  intended  to  test.  I  need  hardly  add  that  I  have 
been  greatly  aided  in  this  summing  up  by  the  polemical  writings 
emanating  from  the  hostile  schools. 

In  this  respect,  at  least,  the  two  theories  have  been  eminently 
useful,  and  have  fulfilled  one  of  the  chief  requirements  of  a  scien- 
tific theoi7, —  that  its  explanations  can  be  tested  by  experiment. 
The  earlier  forms  of  color-theory  suggested  by  Newton  and  by 
Young  were  hardly  such.  So  long  as  the  specific  effect  was  con- 
ceived to  be  entirely  in  the  central  organ,  to  which  the  nerves 
merely  communicated  the  vil)ration8  of  light,  there  was  little  up- 
on which  to  base  experimental  work.  Helmholtz,  by  ascribing 
the  specific  activity  to  the  nerve-ending  itself,  made  it  necessary 
to  describe  this  activity  in  some  definite  way,  which  could  then  be 
tested.  The  very  simplicity  of  the  conceptions  of  Helmholtz  and 
Hering,  at  first  the  apparent  guaranty  of  their  truth,  has  proved 
their  greatest  value,  but  also  their  greatest  diflflculty. 
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It  is  not  to  be  wondered  at,  that  later  theorista  have  attempted 
to  modify  one  or  the  other  of  these  hypotheses,  instead  of  starting 
anew.  Many  such  attempts  have  been  made  in  the  last  few  years, 
but  few  have  attained  more  than  a  passing  notice,  and  none  any 
general  acceptance.  One  or  two,  however,  are  of  considerable  in- 
trinsic interest,  and  may  command  attention  for  a  brief  period. 

Ebbinghmis  attempts  to  advance  a  step  upon  the  older  theories 
by  assigning  to  a  particular  retinal  substance  the  function  of  color- 
stimulus.  He  finds  this  substance  in  the  so-called  visual  purple, 
which  was  studied  with  great  care  by  Kiihne  more  than  twenty 
*  years  ago.  This  remarkable  substance  is  reddish  purple  in  its 
normal  condition.  On  exposure  to  light  it  bleaches  rapidly,  pass- 
ing through  a  series  of  tints  until  it  becomes  yellow.  On  further 
exposure  to  light  it  becomes  colorless,  but  in  the  dark  regains 
its  original  purplish  tone  directly  without  passing  again  through 
the  series  of  changes  in  color.  The  color-stimulus  is  ascribed  by 
Ebbinghaus  to  the  absorption  of  light  by  the  visual  purple,  and  the 
character  of  the  light-sensation  is  directly  dependent  on  the  color 
of  the  light  absorbed,  that  is,  upon  the  physical  properties  of  the 
substance. 

The  purple  substance,  which  is  changed  by  the  action  of  light 
into  the  "  visual  yellow,"  is  identified  by  Ebbinghaus,  in  its 
two  stages,  with  the  '*  yellow- blue '*  substance  of  Hering.  In  its 
first  stage  it  gives  rise  to  the  sensation  of  yellow,  in  the  second 
stage  to  that  of  blue.  The  visual  purple  pertains  to  that  element 
of  the  retinal  complex  known  as  rods.  These  are  not  present  in 
the  central  portion  of  the  retina,  and  the  visual  purple  is  apparently 
absent  there  also.  But  the  fovea  is  sensitive  to  blue  and  yellow, 
as  also  to  gieen  and  red.  Ebbinghaus  supposes  that  a  red-green 
substance  exists,  even  in  the  fovea,  green  in  its  first  stage,  red  in 
its  second  ;  that  the  yellow-blue  substance  exists  also  in  the  fovea, 
but  that  the  two,  present  there  in  abont  equal  quantity,  nnd  nearly 
complementary  in  color,  neutralize  each  other,  leaving  the  fovea 
colorless.  A  white-sensitive  substance  is  also  supposed  to  exist, 
more  sensitive  to  light  than  any  of  the  colored  substances,  and 
thus  we  arrive  at  three  sets  of  color-processes,  similar  to  those  of 
Hering.  Tho  two  types  of  color-blindness  are  explained  by  refer- 
ence to  the  fact  that  there  are  two  kinds  of  visual  purple,  found 
in  the  eyes  of  different  animals,  one  more  relatively  rtd  in  tone, 
the  otbtu'  inclining  more  to  violet.     The  red-blind  are  supposed  to 
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possess  one  of  these,  the  green-blind  the  other.  Certain  anoma- 
lous and  pathological  color- sensations  are  supposed  to  be  due  to 
disturbances  in  the  conducting  nerves,  or  the  central  organs,  and 
hence  need  not  be  fitted  into  the  scheme  thus  outlined. 

The  physiological  character  of  this  theory,  as  Mrs.  Franklin  has 
shown,  can  probably  not  be  sustained.  It  is  difficult  to  believe  that 
such  a  balance  between  the  visual  purple-yellow  and  the  supposed 
visual  red-green  could  exist,  in  all  stages  of  both,  that  they  would 
remain  always  complementary,  and  so  the  latter  always  invisible. 
Yellow  light,  according  to  this  theory,  should  be  most  active  upon 
the  visual  purple,  but  as  a  matter  of  fact,  this  material  is  bleached 
very  slowly  by  sodium  light,  and  indeed,  Konig  has  shown  that  its 
maximum  absorption  is  not  in  the  yellow,  but  in  the  green.  The 
visual  purple  exhibits  other  striking  properties,  of  which  the  theory 
takes  no  account.  It  seems  probable,  on  the  whole,  that  the  office 
of  this  substance  is  really  a  very  different  one,  and  that  if  it  is 
concerned  at  all  with  vision,  it  is  with  the  sensation  of  white  light, 
not  colored. 

The  theory  of  Ebbinghaus,  then,  if  we  deny  its  connection  with 
the  visual  puiple,  rests  upon  the  same  basis  as  that  of  Hering, — a 
visual  substance  not  identified,  perhaps  not  discoverable,  but 
recognizable  only  through  the  precision  with  which  it  explains 
phenomena,  and  the  hypothesis  itself  becomes  in  the  main  a  modi- 
fication of  Hering's,  with  the  well-known  pairs  of  photo-chemical 
substances,  modified  in  their  character  so  as  to  meet  the  facts  more 
perfectly,  removing  some  difficulties,  but  introducing  others. 

The  chief  advantage  of  the  hypothesis  for  explanatory  or  specu- 
lative purposes  lies  in  its  greater  freedom.  The  theory  of  Hering 
demands  six  color-processes.  These  are  so  connected  together  that 
they  make  not  six,  but  three  independent  variables.  Ebbinghaus 
so  constructs  his  substances  as  to  leave  them  nearly  independent, 
the  blue,  for  instance,  no  longer  serving  as  the  antagonistic  sub- 
stance to  the  yellow,  but  regarded  as  developed  out  of  it,  and  pos- 
sessing specific  properties  of  its  own.  Under  certain  conditions  the 
color-substances  are  supposed  to  neutralize  each  other,  as  with 
Hering,  a  supposition  which  adds  greatly  to  the  difficulty  of  the 
hypothesis, — but  in  general,  five  independent  variables  are  at  the 
command  of  the  theorist  which,  it  is  evident,  may  be  endowed  with 
such  various  properties  as  to  explain  almost  any  conceivable  diffi- 
culty of  color-vision. 
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It  may  also  be  said  that,  with  such  an  assortment  of  visual  sub- 
stances at  command,  the  properties  of  which  have  at  present  no 
known  chemical,  physical,  or  physiological  relations,  but  are 
deduced  entirely  from  the  sensations  depende^t  upon  them,  the 
phenomena  might  probably  be  explained  in  an  indefinite  number  of 
ways,  and  the  different  methods  of  explanation  should  be  regarded 
rather  as  examples  of  ingenious  speculation,  than  as  real  contri- 
butions to  the  advancement  of  science. 

To  such  a  category  belong  many  of  the  later  theories  of  vision. 
They  incline  to  Helm  hoi  tz  or  to  Hering  according  as  their  point 
of  view  is  chiefly  physical  or  psychological:  for  the  standpoint 
of  these  two  theories  is  fundamentally  different. 

Helniholtz,  showing  that  all  colors  can  be  compounded  from 
three,  and  that  white  may  be  also  compounded,  assumes  that  three 
color- sensations  are  sufficient,  and  that  white  may  be  regarded  as 
a  compound  sensation.  Hering,  relying  more  upon  the  direct 
deliverances  of  consciousness,  denies  the  compound  nature  of  the 
sensation  of  white,  and  of  yellow,  whatever  their  physical  com- 
position may  be,  and  says  explicitly  that  *'  the  entire  separation  of 
the  optical  nature  of  a  light  from  the  sensation  which  it  arouses  in 
us,  is  one  of  the  most  necessary  prerequisites  to  a  clear  handling 
of  the  tlieory  of  color."  Along  the  lines  of  these  two  theories, 
then,  new  hypotheses  move,  and  will  move,  since  each  of  them 
stands  for  something  real,  and  has  its  own  distinct  advantages. 

Upon  a  somewhat  different  basis  rests  a  theory,  hardly  so  much 
of  color  as  of  light-sensation,  which  was  hinted  at  by  various 
observers,  but  most  clearly  worked  out  by  voii  Kries.  This  sup- 
poses that  we  possess  two  entirely  distinct  kinds  of  visual  appa- 
ratus, one  dependent  upon  the  cones  of  the  retina,  the  other  upon 
the  rods,  and  the  visual  purple  connected  with  them. 

Max  Schultze,  so  long  ago  as  1866,  mainly  on  anatomical 
grounds,  suggested  that  the  rods  were  probably  the  most  impor- 
tant organs  of  vision  in  faint  light.  Animals  which  prey  by 
night,  as  cats,  moles,  owls,  etc.,  possess  retinas  rich  in  rods,  but 
with  cones  either  few  or  absent.  Our  own  eyes  perceive  faint 
light  more  readily  with  the  peripheral  portions  of  the  retina,  where 
rods  are  numerous,  than  with  the  central  portions,  where  they  are 
few. 

Helmholtz*  pointed  out  the  fact  that  if  the  visual  purple  is  act- 

1  Physiol.  Optlk.  2d  ed.  p.  268. 
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ually  connected  with  vision  it  must  have  to  do  with  peripheral, 
rather  than  central  vision,  since  it  is  absent  from  the  fovea,  and 
suggested  that  it  might  have  to  do  with  the  perception  of  faint  light. 

In  1894,  Kdnig  studied  the  absoi-ption  curve  of  the  visual  pur- 
ple, finding  it  substantially  identical  with  the  curve  of  brightness 
for  the  spectnim  of  low  luminosity.  Von  Kries,  combining  these 
and  other  suggestions,  considers  the  visual  purple  in  the  rods  to 
be,  in  the  human  eye  at  least,  the  active  agent  for  the  perception 
of  faint  light.  He  shows  that  the  phenomena  of  adaptation  point 
in  the  same  direction.  In  strong  light  the  visual  purple  is  soon 
bleached.  An  eye  "adapted  for  brightness"  is  very  deficient  in 
power  to  perceive  faint  light.  If  it  is  now  kept  in  darkness  for 
about  half  an  hour,  this  faculty  is  enormously  increased.  But  in 
about  the  same  period,  the  visual  purple  is  practically  restored. 
The  essence  of  adaptation  is  the  recovery  of  the  visual  purple. 
Red  light,  which  does  not  act  upon  this  substance,  does  not  de- 
stroy the  sensitiveness  to  faint  light  in  an  eye  which  has  been 
exposed  to  it  for  even  a  considerable  time. 

If  vision  by  faint  light  depends,  wholly  or  partly,  on  the 
decomposition  of  the  visual  purple,  and  if  light  of  long  wave- 
lengths does  not  effect  this  decomposition,  blue  light  when  faint 
should  appear  much  brighter  than  red,  and  Purkinje's  phenomenon 
is  thus  easily  explained.  But  in  the  fovea,  where  the  rods  and 
the  purple  are  not  present,  this  sensation  of  colorless  faint  light 
should  not  exist,  and  the  color  of  any  light  bright  enough  to  affect 
this  portion  of  the  retina  at  all,  will  at  once  be  recognized.  Von 
Kries  declares  this  to  be  a  fact.  Two  colors,  equally  bright  in 
strong  light,  will  remain  so  at  all  illuminations  if  their  image  falls 
entirely  on  the  fovea ;  but,  if  not,  the  color  which  is  of  the  shorter 
wave-length  will  in  general  be  the  brighter. 

Vision  by  strong  light,  and  color-vision,  since  both  are  pos- 
sessed by  the  fovea,  must  be  effected  by  the  mechanisms  of  that 
retinal  area,  and  these  sensations  von  Kries  attributes  to  the  cones, 
which  are  supposed  to  be  furnished  with  a  tri-chromatic  color- 
apparatus,  and  to  afford  the  sensations  of  color  and  a  compound 
sensation  of  white.  If  objection  is  made  to  the  compound  white, 
the  details  of  this  latter  apparatus  might  be  varied,  might  even 
approximate  that  of  Hering's  theory,  without  affecting  the  im- 
portance of  the  hypothesis,  the  essence  of  which  is  the  two-fold 
nature  of  the  sensation  of  brightness. 

A.   A.    A.    8.   VOL.    XLVII  7 
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Such  a  theory  explains  easily  the  fact  that  grays  compounded 
from  different  pairs  of  complementary  colors,  and  equally  bright 
in  ordinary  light,  cease  to  be  so  in  faint  light.  They  are  equalized 
at  first  by  the  cone-apparatus,  and  are  seen  in  the  faint  light 
chiefly  by  the  rod-apparatus,  in  which  the  scale  of  brightness  is 
entirely  different. 

G.  E.  Miiller  makes  the  acute  suggestion  that  the  visual  purple 
may  not  be  a  visual  substance  at  all,  properly  speaking ;  but,  while 
concerned  chiefly  with  the  phenomena  of  adaptation,  may  act  also 
as  a  sensibilisator — to  borrow  a  photographic  term — for  the  white- 
sensitive  substance,  increasing  its  susceptibility  in  faint  light.  This 
modification  of  von  Kries'  hypothesis  is  perhaps  simpler  than  the 
original  and  eqiiaUy  satisfactory. 

Still  another  hypothesis  for  separating  the  white  from  the  color- 
sensations  is,  that  the  sensation  of  white,  from  an  evolutionary 
standpoint,  was  developed  earlier  than  the  sensations  of  color,  and 
that  the  mechanisms  of  the  latter  are  to  be  regarded  as  evolved 
from  that  of  the  fundamental  sensation,  and  as  modifications  of  it. 
Upon  this  idea  Mrs.  Franklin  has  founded  her  ingenious  theory  of 
light- sensation.  Abney  has  made  a  similar  suggestion,  but  in  gen- 
eral terms  only. 

Such  is  a  brief  and  hasty  summary  of  the  progress  of  color  the- 
ory. We  may  well  ask  for  the  result.  In  the  general  shifting, 
what  views  have  maintained  or  gained  a  footing?  A  few,  I  think, 
are  fairly  well  established. 

1.  The  number  of  color-sensations  is  small,  and  all  color- 
theories  positing  a  large  number  are  to  be  distrusted.  If  experi- 
mental work  is  of  any  value  whatever,  it  is  certain  that  all  light- 
sensations,  for  all  purposes,  may  be  expressed  by  a  small  number 
of  variables.  The  Young-Helmholtz  theory  demands  three.  Ber- 
ing's requirements,  as  Helmholtz  has  shown,  may  be  expressed  in 
terms  of  three,  although  the  number  of  fundamental  color-sensa- 
tions, using  color  in  its  ordinary  sense,  is  four.  Such  theories  as 
those  of  von  Kries  and  Mrs.  Franklin  require  four  variables,  such 
as  that  of  Ebbinghaus  five.  The  introduction  of  a  much  lai^er 
number  is  gratuitous  and  unnecessary. 

2.  Out  of  this  number  of  variables  at  least  one  is  to  be  allotted 
to  the  white-sensation,  or  that  which  is  closely  akin  to  it,  the  sen- 
sation of  brightness.  It  is  no  longer  possible  to  think  of  white 
entirely  as  a  compound  sensation,  however  it  may  be  compounded 
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physically.  It  is  unnecessary  to  recapitulate  the  arguments  for 
this  statement,  drawn  largely  from  the  three  forms  of  total  color- 
blindness. 

8.  White,  however,  can  hardly  be  thought  of  as  an  entirely  in- 
dependent sensation.  The  phenomena  of  vision  by  faint  light,  the 
facts  of  peripheral  vision,  show  that,  under  certain  circumstances, 
color-sensations  contribute  their  quota  to  the  colorless  one,  and  in 
differing  amounts  at  differing  brightness. 

These  phenomena  are  not  satisfactorily  handled  by  any  of  the 
principal  theories.  They  are  fairly  well  explained  by  the  Helm- 
holtz  suggestion  of  shifting  color-curves,  nearly  as  well  by  the 
hypothesis  of  Hering  and  Hillebrand,  that  color-sensations  possess 
specific  brightening  or  darkening  power,  which  makes  itself  more 
notable  as  the  intensity  increases.  These  are  but  formal  explana- 
tions, however,  and  increase  rather  than  diminish  the  difficulties 
of  the  theories  to  which  they  are  attached. 

4.  The  theory  of  von  Kries,  of  different  visual  mechanisms 
for  bright  and  faint  light,  supplements  excellently  the  existing 
theories,  and  must  be  regarded  as  a  distinct  step  in  advance. 

5.  A  definite  and  highly  probable  function  has  been  assigned 
to  the  visual  purple,  the  function  of  adaptation,  and  of  causing  or 
aiding  vision  in  faint  light. 

Farther  than  these  at  present  we  can  hardly  go.  The  number 
and  variety  of  known  phenomena  are  great,  and  constantly  increas- 
ing. Their  inter-relations  grow  every  day  more  complex,  and  the 
actual  mechanism  governing  those  relations  still  remains  almost 
entirely  unknown.  Subjective  experiment  appears  likely  to  yield 
little  more  aid.  The  various  theories  have  arrived  at  such  a  state 
of  perfection  and,  thanks  to  subsidiary  hypotheses,  to  such  a  state 
of  flexibility,  that  almost  any  visual  result  might  probably  be  ex- 
plainable by  either.  Perhaps  the  most  hopeful  line  of  research  is 
that  which,  like  K5nig's  study  of  the  visual  purple,  seeks  to  find 
some  relation  between  colpr-sensations  and  physical  properties. 
Since  so  many  phenomena  point  to  photo-chemical  changes  in  the 
eye,  it  would  not  be  surprising  if  the  next  advance  should  come 
from  the  chemical  side,  rather  than  from  the  physiological,  physi- 
cal, or  psychological,  which  have  held  the  field  so  long. 
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Report  of  thk  committee  on  standards  of  measurement.     By  Henry 
S.  Carhart,  Secretary,  Ann  Arbor,  Mich. 

The  determination  of  the  mechanical  equivalent  of  heat  by  the  elec- 
trical method,  as  reported  by  Griffiths  (Phil.  Trans.,  A,  1893)  and  by 
Schuster  and  Gannon  (Proc.  Roy.  Soc,  Nov.  1894)  gave  a  lar«:er  value 
than  Rowland's  corrected  result.  This  fact  has  created  a  demand  for 
the  redetermination  of  the  ampere  in  terms  of  the  electro-chemical 
equivalent  of  silver.  At  the  Toronto  meeting  of  the  British  Association 
last  year  a  grant  was  made  to  the  B.  A.  Committee  on  Electrical  Meas- 
urements for  the  purpose  of  carrying  out  this  investigation. 

At  the  Detroit  meeting  of  this  Association  the  grant  of  $50.00  pre- 
viously made  for  the  use  of  this  Committee  was  made  availal)le  for  the 
past  year.  Though  this  appropriation  was  clearly  insufficient  for  the  pur- 
pose, it  was  decided  that  the  redetermination  of  the  ampere  slionld  be 
undertaken  for  the  Committee  of  this  Association  in  the  physical  labora- 
tory at  Ann  Arbor.  The  work  has  been,  ably  carried  to  completion  by 
Professor  Patterson  and  Dr.  Guthe.  The  details  of  the  method  will  be 
given  in  a  paper  by  Dr.  Guthe  before  Section  B. 

The  discrepancy  between  Griffiths'  results  and  those  of  Rowland  is 
about  one  part  in  400  at  all  temperatures  between  15^  and  25^  on  the 
nitrogen  scale.  Those  of  Schuster  and  Gannon  exceed  Rowland's  at 
19.°1  on  the  same  scale  by  about  one  part  in  600  (Johns  Hopkins  Univer- 
sity Circulars,  June,  1898).  These  differences  exist  after  the  final  elnb- 
orate  comparison  of  thermometers  and  the  reductions  to  the  same  abso- 
lute scale  of  temperature. 

Since  the  electrical  methods  employed  to  determine  the  mechanical 
equivalent  of  heat  involve  either  the  current  and  the  E.  M.  F.  of  the 
Clark  cell,  or  the  square  of  this  E.  M.  F.,  and  since  the  E.  M.  F.  of  the 
Clark  cell  is  determined  by  means  of  the  silver  voltameter,  it  is  evident 
that  the  current  enters  the  final  result  as  the  square.  If  the  discrepancy 
is  due  entirely  to  an  error  in  the  value  of  the  ampere,  assuming  the  ohm 
to  be  correct,  then  the  ampere  should  be  one  part  in  1,000  to  one  part  in 
800  larger  than  the  present  accepted  value.  That  is,  the  electro-chemical 
equivalent  of  silver  should  be  increased  from  Lord  Rayleigh's  value  of 
O.OOll  18  to  0.0011191  or  0.0011194.  Lord  Rayleigh  does  not  claim  for  his 
result  an  accuracy  greater  than  one  part  in  1,000. 
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The  method  used  by  Patterson  and  Gnthe  was  that  oi^a  specially  con- 
structed electrodynamometer  of  large  dimensions,  and  the  employment 
of  the  torque  of  a  phosphorbronze  wire  to  equilibrate  the  counter-torque 
due  to  the  effort  between  the  magnetic  fields  of  the  stationary  and  mov- 
able coils.  This  method  eliminates  entirely  the  value  of  gravity  g.  The 
torque  of  the  wire  was  measured  by  observing  the  period  of  vibration  of 
a  cylindrical  brass  weight  of  known  mass  and  dimensions  when  sus- 
pended by  the  phosphorbronze  wire.  The  entire  success  of  this  part  of 
the  investigation  was  due  to  the  fact  that  the  observations  were  made 
with  the  whole  apparatus  enclosed  in  a  fairly  good  vacuum.  Under  these 
conditions  the  vibrations  could  be  followed  for  hours  at  various  intervals ; 
the  logarithmic  decrement  was  almost  entirely  constant,  and  it  was  easy 
to  obtain  a  curve  connecting  temperatures  and  periods  of  vibration  at  a 
torsional  pendulum.  The  wire  was  so  connected  to  the  support  and 
to  the  brass  cylinder  that  it  could  be  transferred  from  the  vacuum  appar- 
atus to  the  electrodynamometer  and  back  again  without  disconnecting  it 
from  the  terminal  pins.  From  personal  inspection  at  the  several  stages 
of  the  investigation  assurance  can  be  given  that  the  work  has  been  most 
carefully  executed  at  every  point,  and  all  known  sources  of  error  have 
been  as  completely  eliminated  as  possible.  The  weights  employed  were 
compared  with  the  standards  at  the  U.  S.  Bureau  of  Weights  and  Meas- 
ures in  Washington ;  the  standard  of  length  was  a  half  metre  bar  of 
speculum  metal  made  for  the  Unlverj*ity  of  Michigan  by  the  late  Pro- 
fessor W.  A.  Rogers.  The  time  was  taken  from  a  standard  Riefler  clock 
checked  by  comparison  with  the  observatory  time.  The  result  of  the 
investigation  is  that  the  electro-chemical  equivalent  of  a  used  solution 
of  neutral  silver  nitrate,  fifteen  parts  by  weight  of  the  silver  salt  to 
ei;jhty-flve  parts  of  distilled  water,  is  0.0011192  gm.  per  ampere  per  sec. 
This  exceeds  Lord  Rayleigh*s  value  by  about  J  of  one  per  cent,  and 
causes  the  discrepancy  in  the  mechanical  equivalent  of  heat  to  disappear. 

The  corresponding  change  In  the  E.  M.  F.  of  the  Clark  cell  will  be 
from  1.4342  to  1.4827  at  15°  0.  A  direct  determination  has  not  yet  been 
made  and  this  redetermination  is  reserved  for  the  coming  year. 

Dr.  Kahle  has  obtained  for  the  electro-chemical  equivalent  of  silver  the 
value  0.0011182  (Wied.  Annal.,  Vol.  59,  p.  582)  by  the  use  of  an  electro- 
dynamometer designed  by  von  Helmholtz  and  a  fresh  solution  of  the 
salt.  Pellat  and  Potier  found  the  same  value  as  that  of  Patterson  and 
Guthe  (Journ.  de  Phys.  9,  p.  381,  1890). 
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RSPORT  ON  THE  STATE  OF    THE    MATHEMATICAL    THEORY  OF    ELECTRICITY 

AND  MAQNKTiSM.*    By  ARTHUR  GORDON  WEBSTER,  CUrk  University, 
Worcester,  Mass. 

In  considering  tlie  state  of  the  mathematical  theory  of  .electricity  and 
magnetism  at  the  end  of  the  first  half-centnry  of  the  existence  of  this 
Association,  it  seems  hardly  possible  to  avoid  a  comparison  with  the  state 
of  aflUrs  at  the  beginning  of  that  period.  In  1848,  strange  as  the  state- 
ment may  seem,  most  of  the  great  discoveries  in  electricity  had  been  made. 
Coulomb  had  by  his  remarkable  quantitative  experiments  with  the  torsion- 
balance  and  the  proof -plane  set  the  law  of  Inverse  squares  once  for  all 
upon  its  feet,  and  thus  opened  the  way  for  the  wonderful  applications  of 
the  analysis  of  Laplace,  Polsson,  Gauss  and  Green.  The  experimental 
discovery  by  Oersted  of  the  action  of  the  electric  current  upon  the  mag- 
netic needle  had  aroused  the  enthusiasm  of  Ampere,  with  the  result  of  the 
swift  production  of  his  discovery  of  the  laws  of  electrodynamics  and 
their  representation  in  mathematical  form,  by  a  process  of  reasoning  char- 
acterized by  Maxwell  as  **  perfect  in  form  and  unassailable  in  accuracy." 
Within  the  next  decade  Faraday  and  Henry  had  independently  discovered 
the  phenomena  of  induction,  and  thus  completed,  with  two  exceptions, 
the  list  of  epoch-making  discoveries  in  the  science.  We  may  remark  in 
parenthesis  that  the  dynamo  and  the  electric  motor,  wnich  have  wrought 
such  a  change  in  our  city  and  Association  in  very  recent  years,  were  thus 
possible  before  the  birth  of  the  Association. 

Not  only  had  the  quantitative  laws  of  induction  of  currents  been  for- 
mulated by  Faraday,  but  they  had  been  obtained  by  a  remarkable  mathe- 
matical process  by  Neumann,  using  the  then  hardly  recognized  principle 
of  the  Conservation  of  Energy.  The  mathematical  theory  of  the  sub- 
ject was  accordingly  in  a  well  advanced  state  fifty  years  ago.  It  is  to 
be  noticed,  however,  that  all  the  work  then  done  had  been  on  the  basis 
of  action  at  a  distance,  the  existence  of  which  was  then  unqueslioned  by 
mathematical  physicists. 

Not  so,  however,  by  that  prince  of  experimental  philosophers,  Michael 
Faraday.  Not  less  important  for  the  theory  of  electricity  than  his  dis- 
covery of  current  induction  were  his  electro-statical  researches  by  which 
he  first  showed  that  the  forces  between  electrically  charged  bodies  were 
not  independent  of  the  surrounding  medium.  Thus  Faraday  was  led  to 
concentrate  his  attention  upon  the  medium  instead  of  upon  the  charges 
themselves,  and  daringly  to  attack  the  notion  of  action  at  a  distance. 
In  order  to  clothe  his  ideas  in  an  intuitional  geometrical  form,  Faraday 
introduced  the  idea  of  physical  lines  of  force,  an  idea  that  was  long  in 
having  its  (Vuitfulness  recognized  by  others. 

It  was  not  until  1861  that  the  note  was  struck  which  has  produced  such 
a  remarkable  change  in  the  theory  of  fifty  years  since.    In  Maxwell's 

»  A  8  noted  on  p.  58,  this  Report  is  one  of  the  fonr  which  were  prepared  for  the 
meeting  and  by  vote  of  the  Council  to  be  printed  in  full.  The  MSS.  was  received 
too  late  for  Insertion  in  Sec.  A. 
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papers  on  Physical  Lines  of  Force  in  the  Philosophical  Magazine  of  that 
year  he  gave  Faraday's  ideas  a  mathematical  garb,  and  introduced  to  the 
mathematical  world  the  theory  that  the  energy  was  resident  in  the  medium, 
rather  than  in  the  charged  bodies.  In  1865  appeared  in  the  Philosophical 
Transactions  MaxwelPs  chef-d'(BUvre,  the  elaborate  development  of  his 
ideas  in  his  paper  on  A  Dynamical  Theory  of  the  Electromagnetic  Field. 
Here  we  find  for  the  first  time  the  application  of  Lagrange's  dynamical 
equations  to  obtain  in  a  systematic  and  logical  way  the  laws  of  elec- 
tricity and  its  connection  with  magnetism.  Besides  the  notion  of  the 
localization  of  energy,  both  electric  and  magnetic,  in  the  medium,  we 
find  the  other  Idea,  foreign  to  the  old  theory,  of  the  magnetic  action  due 
to  time-variations  of  the  electric  field,  these  variations  being  termed  by 
Maxwell  displacement  currents.  It  is  not  a  little  remarkable  that  Faraday 
had  considered  the  possible  changes  taking  place  in  the  electrical  state  of 
the  dielectric  medium  by  changes  of  the  magnetic  field,  and  had  attempted 
to  make  them  experimentally  evident,  but  without  success.  Whether 
Faraday  contemplated  the  effect  of  the  changes  of  the  electrical  state  on 
the  magnetic  field  I  am  not  able  to  state.  At  any  rate  the  introduction  of 
this  hypothetical  magnetic  eft'ect  of  the  displacement  currents  by  Max- 
well gave  rise  to  a  hitherto  unlooked-for  possibility,  namely,  the  estab- 
lishment of  an  electro-magnetic  theory  of  light.  This  theory  not  only 
enjoyed  the  advantage  of  novelty,  but  was  free  from  the  fundamental 
fliflicultles  of  the  previous  dynamical  theories  of  light,  in  that  in  it  no 
longitudinal  wave  appeared. 

If  Maxwell's  theory  was  true,  then  experimenters  should  discover  the 
magnetic  effect  of  the  displacement  current.  We  may  well  imagine  that 
for  many  years  investigators  were  devising  means  to  accomplish  this  re- 
sult ;  but  if  this  was  so,  they  were  not  rewarded  by  success.  However,  a 
crucial  question  had  been  agitated,  for  according  to  Maxwell  electrical 
and  magnetic  disturbances  must  be  propagated  with  a  finite  velocity,  and 
the  theory  of  action  at  a  distance  must  be  doomed. 

Before  passing  to  the  post-Maxwellian,  or,  as  we  may  call  it,  the  mod- 
ern era,  it  may  be  convenient  to  state  Maxwell's  theory  as  he  left  it. 

Electrical  charges  are  related,  not  to  the  so^^alled  field  Intensity,  whose 
components  are  X,  F,  Z,  derivable  from  a  potential  y^, 


(1) 


but  to  a  new  vector,  called  the  electric  displacement,  and  denoting  the 
state  of  polarization  discovered  by  Faraday.  The  components  of  this, 
/,  <7,  hy  are  proportioned  to  the  components  of  the  field, 

(2)  /=-^  X,      g=-^   T,      h=^Z  , 

AT^  4-  4;r 

where  K  measures  a  physical  property  of  the  medium,  Faraday's  specific 
inductive  capacity. 


dW 

dV' 

w 

X=  —  —  , 

dx  ' 

si' 

""       dz 
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The  density  of  the  charge  then  is  derived  from  the  displacement  by 
the  equation 

df         dg       rJA 

W  ''  =  ^T  +  ^  +  F.  • 

Similarly  in  magnetism  we  are  to  consider  two  vectors,  the  field  f-*  P^Tt 
derivable  from  a  potential  Q^ 

and  the  induction,  proportional  to  it, 

(6)  a  =  f^  a^        b  =  ji  /9,        c  =  f^  Ty 

where  /^  measures  another  physical  property  of  the  medinm.    Maxwell 
here  puts  however 

da        Sb        de 

(^)  7-  +  •    -f-  -r  =  0 

^  Sx   '   dy       dz 

so  that  the  analogy  with  the  electrical  equation  (3)  is  not  quite  perfect. 

To  the  equations  previously  accepted  giving  the  relations  between    the 
current  density  tf ,  v,  t^,  and  the  magnetic  field  produced  by  it, 

iTT  u    =   -      —   —     , 

Sy       dz 


(^)    .  *''  =  J^-F.' 


da        ()y 
Jz'~  $x 

4  r  to  =  -i  —  —  , 
dx        dy 

Maxwell  adds  the  efltsct  of  the  displacement  currents,  so  that  he  has 

'  M^t  +  «)   =  ^  -  ^ 

/^^     ,      \         da         dr 
^  ^  \dt  ^         dz         dx 

dh  dp       ^a 

\dt  ^     ^        dx        dy 
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The  indaced  electromotive-forces  due  to  changes  in  the  magnetic  field 
are  represented  by  Maxwell  in  a  somewhat  pecaliar  manner,  as  the  nega- 
tive time  derivatives  of  a  new  vector  called  the  vector-potential,  so  that 

dF  SG  dH 

W  ^  =  -  ^T'      «  =  -  sf^      ^  =  -^« 

The  vector- potential  is  related  to  the  magnetic  induction  by  theeqaatlons 


(10)  b  = 


Thus  the  vector-potential  itself  does  not  appear,  but  only  its  time 
derivatives. 

The  vector  potential  was  introduced  by  Maxwell  to  denote  what  Fara- 
day termed  the  electro-tonic  state  of  a  body  undergoing  induction  of 
current  by  magnetic  changes. 

Strangely,  as  it  now  seems,  the  ideas  of  Maxwell  were  slow  in  gaining 
acceptation.  We  must  not  omit  to  notice  that  in  1867  an  electro  magnetic 
theory  of  light  was  developed  by  Lorcntz,  but  it  was  deduced  from  differ- 
ent considerations.  It  was  not  until  the  appearance  of  Maxwell's  trea- 
tise, in  1873,  that  the  attention  of  continental  thinkers  seems  to  have  been 
drawn  to  the  new  views.  Already,  however,  had  begun  the  appearance 
of  that  series  of  papers  by  the  master  hand  of  Ilelmholtz,  which,  begin- 
ning with  a  powerful  exposition  of  the  old  electrodynamical  theories,  led  by 
successive  steps  to  the  development  of  a  theory  similar  to  that  of  Max- 
well which,  as  the  life  of  the  great  German  drew  to  a  close,  became  com- 
pletely adopted  by  him.  Otherwise,  however,  there  is  little  to  chronicle 
on  the  continent,  until  the  appearance  of  the  treatise  of  Mascart  and 
Joubert,  over  a  decade  later  than  Maxwell's,  showed  that  the  seed  had  not 
fallen  upon  stony  ground.  Let  us  accordingly  return  to  England,  whither 
the  center  of  gravity  of  the  mathematical  development  of  the  subject 
was  now  transferred. 

The  first  paper  to  appear  in  the  Philosophical  Transactions  on  Maxwell's 
theory  was  fifteen  years  later,  by  Fitz^jerald,  in  1880,  on  the  Electromag- 
netic Theory  of  the  Reflection  and  Refraction  of  Light.  Here  we  find 
an  extension  of  the  suggestion  made  by  Maxwell  that  the  magnetic  energy 
of  the  field  contains  terms  depending  on  vortical  motions  about  the  lines  of 
magnetic  force,  and  thus  an  attempt  is  made  to  explain  the  phenomena  of 
reflection  of  li^ht  from  the  surface  of  magnets,  discovered  by  Kerr. 

In  1881  followed  a  paper  by  Niven  on  The  Induction  of  Currents  in 
Infinite  Plates  and  Spherical  Shells,  the  former  being  a  subject  which 
had  been  investigated  by  Maxwell.     In   1883  the   subject  of  electrical 
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mocions  in  spherical  condnctors  was  treated  by  Lamb  who,  however, 
makes  the  slmplif  ylDg  hypothesis  that  the  velocity  of  propagation  of  the 
inducing  effect  is  infinite,  that  hypothesis  not  materially  conflicting  with 
any  experiments  then  made.  In  1884  appeared  a  paper  by  Larmor  on  the 
same  subject. 

In  1884  appeared  a  very  important  paper  by  Poynting  on  The  Trans- 
fer of  Energy  in  the  Electro-magnetic  Field,  where,  by  a  direct  applica- 
tion of  Maxwell's  theory,  it  was  shown  how  the  route  taken  by  the 
energy  in  its  passage  from  one  place  to  another  daring  variations  of  the 
field  could  be  described  by  the  statement  that  the  energy  fiowed  every- 
where perpendicularly  both  to  the  electric  and  magnetic  field-vectors;  at  a 
rate  proportional  to  the  area  of  the  parallelogram  constructed  on  their 
geometric  representatives.  Thus,  according  to  Poynting,  the  energy 
passes  from  a  dynamo  to  a  motor  not  throa8:h  the  wires  connecting  the 
two,  but  through  the  air,  being  guided  in  its  course,  however,  by  the 
wires.  The  ideas  of  Poynting  were  extended  by  Wien  in  two  papers  in 
Wiedemann's  Annalen  in  1892,  as  well  as  in  a  paper  by  J.  J.  Thomson 
on  Faraday  Tubes  of  Force. 

In  1885  we  have  a  still  more  important  paper  by  J.  J.  Thomson,  on 
The  Application  of  Dynamics  to  Physical  Phenomena,  in  which,  not  es- 
pecially the  electrical  ideas  of  Maxwell  are  developed,  but  rather  the 
method  introduced  by  him  of  applying  Lagrange's  equations  is  extended 
to  a  great  number  of  phenomena.  Singularly  enough  the  same  sort  of 
methods  were  soon  to  be  used  by  Helmholtz  quite  independently  for 
similar  purposes. 

In  1887  Lamb  attacked  the  more  difficult  problem  than  that  of  the  sphere 
of  ellipsoidal  current-sheets,  treating  as  a  special  case  the  fiow  of  cur- 
rents io  a  circular  disc,  and  in  1888  the  problem  of  induction  of  currents  in 
shells  of  small  thickness  was  treated  by  Burbury.  The  fiow  of  current 
in  cylindrical  conductors  has  been  treated  by  J.  J.  Thomson  and  Lord 
Rayleigh.  In  all  these  researches  upon  current-fiow,  interesting  questions 
regarding  partial  differential  equations  were  treated,  but  much  is  still  left 
for  the  mathematician  to  do.  In  fact  it  was  in  this  same  year,  1888,  that 
a  striking  sensation  was  produced  in  the  scientific  world  by  the  publica- 
tion of  the  experimental  researches  of  a  new  genius,  Heinrich  Hertz,  who 
produced  In  the  laboratory  the  electrical  waves  conceived  by  Maxwell,  and 
for  the  first  time  confirmed  the  theory  by  demonstrating  the  finite  velocity 
of  propagation.  Experimental  papers  succeeded  one  another  with  aston- 
ishing rapidity,  confirming  one  point  after  another  of  the  theory,  and 
the  experiments  of  Hertz  immediately  obtained  a  vogue  which  has  not 
yet  subsided.  The  energies  of  mathematicians  were  now  taxed  anew,  fur 
the  question  of  the  nature  and  period  of  the  electrical  motions  in  the  cur- 
iously shaped  **  oscillators"  used  by  Hertz  and  his  followers  to  produce  the 
waves  became  very  important.  The  previous  investigations  already  de- 
scribed did  not  cover  the  case  even  for  spheres  and  ellipsoids  for,  in  the 
case  of  vibrations  of  the  rapidity  now  experimentally  realized,  the  effect  of 
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displacement  currents  could  no  longer  be  neglected,  nor  could  the  velocitj 
of  propagation  be  considered  infinite,  while  the  phenomenon  of  radiation  of 
energy  from  the  conductor  into  space  demanded  mathematical  recognition 
and  treatment  This  it  failed  to  get,  except  in  an  approximate  manner, 
for  anything  except  the  simplest  case,  that  of  the  sphere.  This  was 
treated  by  J.  J.  Thomson  and  Foincar6.  Nevertheless,  the  theory  has 
not  been  experimentally  verified  for  the  sphere,  because  the  sphere  is  a 
badly  shaped  conductor  for  experimental  purposes.  In  order  to  retain  energy 
enough  to  maintain  the  vibrations  for  a  number  of  oscillations,  the  con- 
ductor should  be  long  or  even  dumb-bell  shaped,  and  not  at  all  like  a  sphere. 
The  long  spheroid  is  then  next  to  be  attacked,  and  then  other  surfaces, 
perhaps  those  obtained  by  the  revolution  of  the  curves  known  as  cyclides. 
The  introduction  of  suitable  curvilinear  coordinates  into  the  partial  dif- 
ferential equation  concerned, 

.will  lead,  even  in  the  case  of  the  spheroid,  to  new  linear  differential  equa- 
tions analogous  to  but  more  complicated  than  Lamp's,  and  will  necessi- 
tate the  investigation  of  new  functions  and  developments  in  series. 

The  remarkable  experimental  skill  shown  by  Hertz  is  not  his  only  title 
to  our  admiration.  His  inaugural  dissertation  had  been  a  treatment  of 
the  flow  of  electricity  in  spheres,  and  his  electrical  researches  received  a 
fitting  completion  in  two  mathematical  articles  in  which  Maxwell's  theory 
was  systematized  and  stated  in  an  extremely  clear  and  symmetrical 
manner.  The  equations  of  Ma.\well,  stated  above,  are  unfortunately  lack- 
ing in  symmetry,  and  certain  questions  that  have  since  arisen  were  not 
contemplated  by  him.  These  improvements  were  made  in  :i  very  satis- 
factory manner  by  Hertz,  as  we  shall  describe  later.  We  can  not,  however, 
award  to  Hertz  the  credit  of  priority  in  this  matter,  for  the  work  had 
been  already  done  by  another  writer,  of  whom  I  must  now  speak  at 
length,— I  mean  that  extraordinary  Englishman,  Mr  Oliver  Heaviside.  Of 
this  undoubted  genius  I  feel  that  it  is  no  exaggeration  to  say  that  he  un- 
derstands the  theory  of  electricity  probably  better  than  anyone  else  now 
living.  Of  a  decidedly  eccentric  personality  and  mode  of  expression,  un- 
known to  and  unseen  by  most  of  his  scientific  countrymen,  this  self-taught 
.luminary  appeared  on  the  horizon  over  twenty  years  ago,  and  slowly  but 
surely  approached  the  brilliancy  of  a  star  of  the  first  magnitude.  Un- 
noticed at  first,  he  forced  himself  upon  the  attention  of  physicists  by  the 
sheer  quantity  of  his  productions,  and  it  was  then  found  that  their  qual- 
ity was  also  exceptional.  His  writings  have  mainly  dealt  with  a  quite 
different  sort  of  subject  from  those  enumerated  above,  and  have  treated 
either  the  flow  of  variable  currents  in  wires  or  the  transmission  of  elec- 
tromagnetic waves  in  free  space.  As  early  as  1876,  in  a  paper  modestly 
entitled  On  the  Extra-current,  he  gives  for  the  first  time  the  partial  differ- 
ential equations  for  the  propagation  of  current  and  potential  along  wires 
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and  treats  them  by  tbe  methods  of  Fourier.  lAter  he  considers  the  most 
complicated  qnestions  caused  by  the  terminai  conditions  invoived  by  the 
introdactlon  of  varions  sorts  of  electrical  apparatus  such  as  those  used  in 
telegraphy  and  telephony.  These  papers  will  well  repay  the  attention  of 
pure  mathematicians,  to  whom  they  offer  a  host  of  questions  for  rigid  treat- 
ment. For  Instance,  to  fix  the  ideas,  we  have  the  equation  of  propaga- 
tion 

with  the  condition  that  for  two  or  more  given  values  of  ar,  ^  is  to  satisfy 
given  linear  ordinary  differential  equations  in  t,  and  that  for  a  given 

value  of  t,  (p  and    r—  are  to  be  given  functions  of  x. 

If  we  attempt  to  satisfy  the  equation  by  particular  solutions  which 
are  trigonometric  functions  of  the  time,  we  get  an  ordinary  differential 
equation  in  x,  and  if  we  then  make  use  of  trigonometric  functions  of  mul- 
tiples of  X,  the  multiples  allowable  will  be  determined  by  certain  trans- 
cendental equations  according  to  the  terminal  conditions.  The  function  (p 
is  then  to  be  developed  In  a  series  of  such  trigonometric  terms.  The  na- 
ture of  the  proofs  desired  relating  to  the  series  may  be  readily  inferred. 
The  papers  by  Heaviside  are  extremely  numerous  and  bulky,  and  it  1«  de- 
sirable that  the  methods  there  used  should  receive  critical  attention  from 
mathematicians,  for  it  must  be  said  that  Heaviside  uniformly  disdains 
such  things  as  existence-theorems,  depending  chiefly  on  his  Intuitions 
drawn  from  physical  reasoning. 

A  large  portion  of  Heavislde*s  labors  has  been  devoted  to  the  systema- 
tization  and  extension  of  Maxwell's  theory,  and  the  attempt  to  dissemi- 
nate a  knowledge  of  that  theory  among  the  physical  public.  His  re- 
sults agree  so  nearly  with  those  of  Hertz  that  I  shall  give  them  In  the 
notation  and  form  used  by  the  latter,  which  seem  to  me  preferable.  The 
attempt  to  bring  out  the  symmetry,  or  reciprocity  between  electrical 
and  magnetic  phenomena,  has  been  paramount  with  both  Heaviside  and 
Hertz.  Accordingly,  we  have  for  the  connections  between  the  electric 
and  magnetic,  fleld-intensities,  represented  respectively  by  X,  F,  Z,  and 
L,  Jf,  N,  and  the  corresponding  Inductions,  or  polarizations  HL^bi.'^,  and 


3E  =  eX 

(11)  &=.£r 


m^y^M  (12) 


Instead  of  equations  (2)  and  (5),  e  representing  the  specific  Inductive 
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capacity,  and  f*-  the  magnetic  permeability.     For  the  electrical  and  mag- 
netic densities  />e  and  ^m  we  have 

d^        ;&        35 

(IS) 


_    1      C<5£  dm        dXl}^ 

4;r     c  ^x  <Jy  ^z    5 


(H) 

For  the  matual  connections  of  the  two  fields  we  have 

d3L       !i^        dM 
^"^  ''^-Jt   =   6y   "   dz^ 


(16)  <5^  _  dL      dN^ 

^'  "^  '^  ~di  ~  dz   ""(Jx    ' 


d3        dM        HL 


(16) 


dt 

_    dZ  _^JY 

Tt 

"    i'y       5z' 

dm 

dX       dZ 

3t 

"^  J^        ^a:   ' 

dXl 

_   <Jy       dx 

dt 

"  dx         dy 

Thus,  with  the  exception  of  the  electrical  currents  «,  tt,  to  on  the  left 
of  equation  (15)  and  the  negative  sign  in  (16),  we  have  complete  anal- 
ogy between  the  electrical  and  magnetic  equations.  In  these  equations 
neither  the  electric  nor  magnetic  potentials  nor  the  vector  potentials  ap- 
pear, and  we  are  concerned  only  with  the  two  field-intensities,  which 
have  a  more  tangible  existence  than  the  potentials.  While  equations 
(16)  are  identical  with  (8),  equations  (16)  take  the  place  of  (9)  and  (10), 
for  if  we  differentiate  equations  (10)  according  to  the  time,  nnd  substi- 
tute on  the  right  for  the  time-derivatives  of  Fy  G,  H,  their  values  from 
(9),  we  obtain  (16). 

In  order  to  obtain  the  result  of  propagation  with  finite  velocity,  let  us 
consider  a  non-conductor,  where  u,  v,  to  are  zero,  and  let  us  suppose  e,  11 
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to  be  constaDts.    Differentiating  the  third  of  equations  (16)  according  to 
y  and  subtracting  from  the  second  differentiated  according  to  z  gives 

Substituting  the  value  of  the  parentliesis  in  the  left  from  the  first  of 
equation  (15),  after  making  use  of  equations  (11)  and  (12)  and  assuming 
that  the  parenthesis  on  the  right  vanislies,  since  there  is  no  free  elec- 
tricity, gives 

d*  X       d*  X       d*  Y        ^z 

which  is  the  equation  for  the  propagation  of  waves,  as  we  have  it  in  the 
theories  of  sound  and  light.  The  velocity  of  propagation  is  — ^ — 

The  last  paper  of  the  series  of  Hertz  treats  of  the  equations  to  be 
used  in  connection  with  moving  bodies,  and  besides  introducing  terms 
accounting  for  the  remarkable  discovery  by  Rowland  of  the  magnetic 
effect  of  a  moving  charge  of  electricity  suggests  several  matters  not  yet 
verified  by  experiment.  Still  deeper  into  the  theory  goes  an  elaborate  paper 
by  Heavi>ide  on  the  Forces,  Stresses  and  Fluxes  of  Energy  in  the  Electro- 
magnetic Field,  published  in  the  Phil.  Trans,  of  1892.  In  this  paper 
Heavlside  deals  with  matters  which  are  still  open  to  controversy . 

The  last  contributions  of  Helmholtz  to  the  theory  were  his  paper  on 
the  Principle  of  Least  Action  in  Electrodynamics,  published  in  1893,  in 
which  he  seeks  to  deduce  all  the  electrical  equations  from  this  funda- 
mental mechanical  principle,  and  his  paper  on  the  Electromagnetic  Theory 
of  Dispersion,  in  which  he  adapts  his  beautiful  explanation  of  this  com- 
plicated optical  phenomenon  to  tbe  electromagnetic  theory. 

I  have  time  here  only  to  mention  researches  on  electro-  and  magneto- 
striction, or  change  of  form  and  shape  of  bodies  in  electric  or  magnetic 
fields,  to  which  contributions  have  been  made  by  Helmholtz,  BoUzmann, 
Rirchhoff,  Stefan,  Lorberg,  Adlcr,  Can  tone  and  Duhem,  and  on  the 
magnetic  effects  produced  by  the  motion  of  electrical  charges,  upon 
which  subject  papers  have  appeared  by  J.  J.  Thomson,  Heaviside  and 
Searle. 

Before  closing  I  must,  however,  mention  several  elaborate  papers  by 
Larmor,  begun  in  the  Philosophical  Transactions  for  1894,  in  which  the 
attempt  is  made  to  propound  a  dynamical  theory  of  the  ether,  which 
shall  not  only  give  a  suitable  eyplanation  of  light,  but  also  a  dynamical 
theory  of  all  electric  and  magnetic  phenomena,  including  the  electro- 
magnetic theory  of  light.  For  this  purpose  the  old  theory  of  McCullagh 
is  found  to  be  available,  and  is  developed  with  extremely  interesting  re- 
sults, while  a  great  variety  of  phenomena  are  dealt  with. 
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I  have  here  made  no  mention  of  the  work  that  has  been  done  on  the 
various  theories  of  the  matnal  actions  at  a  distance  of  cnrrent  elements, 
as  these  are  thoroughly  dealt  with  in  J.  J.  Thomson's  admirable  British 
Association  Report  on  electrical  theories  in  1885.  I  have  thus,  in  a  very 
brief  and  unsatisfactory  manner,  merely  touched  upon  some  of  the  princi- 
pal points  of  the  development  of  the  theory  of  electricity,  and  traced  its 
gradual  but  unceasing  progress  from  the  hands  of  the  ^ants  of  the  old 
days  to  those  of  the  new. 
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[abstracts.] 

The  MRASUllBMENT  OF  THURMAL  CONDUCTIVITY  IN  IRON.      By  Prof.  E.  H. 

Hall,  Cambridge,  Mass. 

Thk  paper  gives  an  account  of  further  experiments  made  in  the  same 
general  method  described  by  me  in  an  article  printed  in  1896  in  the  Pro- 
ceedings of  the  American  Academy  of  Arts  and  Sciences,  under  the  title 
**  On  the  Thermal  Conductivity  of  Mild  Steel.^ 


On  energy  and  entropy.    By  Prof.  L.  A.  Bauer,  Cincinnati,  Ohio. 


Second  report  on  the   magnetic  survey  of  Maryland.    By  Prof. 
L.  A.  Bauer,  Cincinnati,  Ohio. 


On  the  magnetic  deflection  of  diffusely  reflected  kathode  rays. 
By  Prof.  Ernest  Merrttt,  Ithaca,  N.  Y. 

Reflected  kathode  rays  were  discovered  by  Goldstein  in  1881  and 
their  general  characteristics  were  studied  by  him  at  that  time.  Since  the 
discovery  of  X-rays,  however,  some  doubt  has  arisen  as  to  whether  the 
phenomena  observed  by  Goldstein  were  really  due  to  reflection,  and  it  has 
been  suggested  that  they  Indicate  the  existence  of  some  new  kind  of  ray 
intermediate  between  kathode  rays  and  X-rays.  Prof.  S.  P.  Thompson 
has  held  the  view  that  these  rays,  which  he  called  ''  para-kathodic  rays," 
were  In  some  respects  distinctly  diflJerent  from  the  kathode  rays  which 
produced  them.  The  experiments  here  described  were  undertaken  to 
determine  quantitatively  the  magnetic  deflection  of  the  para-kathodic 
rays.  If  it  should  appear  that  these  rays  are  deflected  in  the  same  manner 
and  to  the  same  extent  as  the  original  kathode  rays,  this  would  be  an 
argument  in  favor  of  Goldstein's  original  view.  On  the  other  hand,  if 
the  magnetic  deflection  should  turn  out  to  be  distinctly  difl'erent  in  amount, 
it  would  seem  probablo  that  the  rays  were  not  due  to  ordinary  reflection, 
but  to  some  other  more  complicated  cause. 

A.  A.  A.  8.  vol.  XLVH  8  (113) 
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A  Crookes'  tube  was  prepared  in  such  a  way  that  the  direct  kathode 
rays  and  the  reflected  r.iys  could  be  observed  at  the  same  time.  This  was 
accomplished  by  allowing  the  beam  of  rays  from  a  concave  Itathode  to 
fall  upon  a  piece  of  sheet  platinum  placed  obliquely  at  the  focus.  A 
small  hole  from  this  platinum  targ:et  permitted  a  portion  of  the  direct 
rays  to  pass  on,  while  the  reflected  rays  were  sent  ofl"  at  right  angles  Into 
a  side  tube.  Screens  of  aluminum  were  arranged  so  that  a  sharply  de- 
fined pencil  of  rays  was  obtained  in  each  case.  The  rays  were  deflected 
by  means  of  a  permanent  horseshoe  magnet.  The  tube  being  in  con- 
nect?bn  with  the  pump  so  that  its  vacuum  would  be  fairly  well  main- 
tained, alternate  observations  were  made  of  the  deflection  of  the  direct 
and  reflected  beams.  As  the  vacuum  gradually  changed,  the  magnetic 
deflection  also  varied,  but  no  diflference  could  be  detected  in  the  deflection 
of  the  direct  and  reflected  beams,  and  if  any  diflTerence  exist  It  Is  much 
less  than  the  difference  produced  in  the  direct  rays  by  ordinary  small 
changes  in  pressure. 

As  far  as  these  experiments  go  they  indicate  that  the  para-kathodic 
rays  differ  in  no  respect  from  the  direct  kathode  rays  developed  in  the 
same  tube.  It  therefore  seems  reasonable  to  assume  that  they  are  due  to 
reflection,  an^l  assuming  the  truth  of  the  modified  Crookes'  theory  of 
l<athode  rays,  it  appears  that  negatively  charged  particles  from  the  kathode 
stream  rebound  when  they  strike  an  obstacle  with  practically  undiminished 
velocity. 

[To  be  published  in  the  Physical  Review.] 


On  thk  klkctrical  phopkiitiks  of  thk  vapors  from  thr  arc.    By  Prof. 
Ernest  Meuritt  and  O.  M.  S tkwaut,  Ithaca,  N.  Y. 

The  vapors  from  an  ordinary  carbon  arc  are  found  to  possess  the 
power  of  discharging  an  electrical  body,  and  in  a  general  way  resemble  in 
this  respect  the  vapors  from  a  flame  or  gases  which  have  been  acted  upon 
by  X-rays.  The  vapors  may  be  drawn  through  a  tube  of  glass  or  metal 
to  a  distance  of  a  number  of  feet  from  the  arc  and  still  retain  their 
conducting  power.  Positive  and  negative  charges  are  In  most  cases  dis- 
sipated by  the  vapors  with  equal  rapidity. 

When  the  vapors  are  passed  between  a  charged  body  and  one  that  is 
grounded,  the  current  flowing  across  is  found  to  be  nearly  proportional  to 
the  potential  difference  so  long  as  this  diffierence  is  small ;  but  for  higher 
potentials  the  current  increases  less  rapidly  than  the  dlflference  of  potential 
and  seems  to  approach  a  limiting  value.  The  passage  of  a  current  through 
the  vapors  in  large  part  destroys  their  conducting  power. 

The  discharging  power  of  the  vapors  may  be  greatly  increased  by  bring- 
ing moisture  into  the  neighborhood  of  the  arc.  It  appears  that  the  vapor 
of  water  is  ionized  under  the  influence  of  the  arc  in  a  much  higher  degree 
than  are  the  other  atmospheric  gases ;  but  the  conducting  condition  does 
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not  last  so  long  In  the  case  of  water  or  vapor  as  in  the  case  of  ordinary 
air. 

In  general  the  behavior  of  the  vapors  can  be  explained  by  assuming  that 
eqnal  numbers  of  positive  and  negative  ions  are  formed  by  the  action  of 
the  arc.  In  some  cases,  however,  indications  of  inequality  were  found. 
When  a  vertical  enclosed  arc  was  used  and  the  vapors  were  drawn  from  a 
point  clone  to  the  lower  carbon,  it  was  found  that  one  charge  was  always 
dissipated  by  the  vnpors  much  more  rapidly  than  the  other;  for  example, 
if  the  lower  carbon  was  positive,  vapors  taken  from  this  neighborhood 
discharge  negative  electricity  more  rapidly  than  positive. 

Further  experiments  upon  this  subject  are  in  progress. 

[To  be  published  in  the  Physical  Review.] 


The  hbat  of  fusion  of  ick  drtkrmined  jn  klectrical  units.    By  Prof. 
E.  L.  Nichols,  Ithaca,  N.  Y. 


The  hystruesis  of  iron  and  steel  at  ordinary  trmperatuuks  and  at 

THE  TEMPERATURE  OF  SOLID  CAKBON  DIOXIDR.      By   A.    M.    THIESSEX, 

Ithaca,  N.  Y. 

Dkterminations  of  the  hysteresis  losses  in  iron  have  recently  shown 
that  these  losses  become  less  for  a  given  maximum  induction  as  the  tem- 
perature is  raised.  Fleming  and  Dewar  have  found  however  that,  at  the 
temperature  of  liquid  air,  the  hysteresis  loss  in  soft  Swedish  iron  is  prac- 
tically the  same  as  at  ordinary  temperatures.  It  would  thus  appear  that 
the  law  of  variation  with  temperature  is  different  in  the  range  between  0 
and  — 200*^  from  what  it  is  at  higher  temperatures.  The  experiments  here 
described  were  made  to  determine  the  hysteresis  at  a  temperature  interme- 
diate between  the  lowest  used  by  Fleming  and  Dewar  and  the  ordinary 
temperature.  It  was  intended  to  devote  special  attention  to  the  nickel 
steel  alloys,  which  are  known  to  possess  striking  peculiarities  in  their  mag- 
netic behavior  at  low  temperatures,  but  the  samples  of  nickel  steel  were 
received  so  late  that  only  a  few  determinations  could  be  made  with  this 
substance,  and  no  indication  of  abnormal  behavior  was  found. 

The  specimens  tested  were  in  the  form  of  rings  turned  out  of  the  solid 
metal.  The  outside  diameter  was  about  5cm.,  and  the  cross  section  was 
usually  about  I  sq.  cm. ;  In  some  cases  a  square  or  circular  cross  section 
was  used,  while  in  others  the  cross  section  was  oblong,  so  that  the  inner 
and  outer  diameters  of  the  ring  were  nearly  equal.  The  latter  form  eiT- 
sures  greater  uniformity  In  the  value  of  H. 

Observations  were  made  at  the  temperature  of  boiling  water,  at  ordinary 
temperatures,  and  at  a  temperature  of  about  — 70°,  the  latter  temperature 
being  obtained  by  immersing  the  ring  and  magnetizing  coil  in  a  bath  of 
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ether  containing  dissolved  CO/.  The  coil  and  ring  were  protected  from 
th<j  ether  by  a  layer  of  gutta  percha.  The  magnetic  measurements  were 
made  by  the  ballistic  method,  complete  hysteresis  loops  being  determined. 
The  temperature  was  measured  by  means  of  «  small  coil  of  copper  wire 
wound  on  tlie  ring,  the  temperature  coefficient  of  the  copper  having  been 
previously  determined. 

The  specimens  tested  were  a  ring  of  soft  wrought  iron,  one  of  tool 
steel,  and  one  of  nickel  steel;  the  latter  contained  5.5  per  cent  of  nickel. 

Some  of  the  results  are  contained  in  the  following  tables : 

CUESCKNT  TOOL    STEEL. 


11 

Temperature 

Max.  B 

Hysteresis  loss 
ergs  per  cc. 

57.9 

99^0 

14300 

28440 

17 

14700 

31380 

—52 

14350 

32580 

4.42 

98.5 

2940 

1650 

17.8 

2480 

1375 

—65 

1670 

698 

NICKEL  STEKL  5i% 

H 

Temperature 

Max.  U 

Hysteresis  loss 
ergs  per  cc. 

62.8 

ddho 

14160 

36690 

23.6 

14900 

41870 

—65 

15180 

44400 

SOFT  WUOUGHT 

luoN  (annealed). 

H 

Temperature 

Max.  B 

Hysteresis  loss 
ergs  per  cc. 

11.9 

96° 

9930 

4016 

20 

9950 

4690 

-63 

10200 

6102 

2.6 

97 

6430 

1710 

22 

4986 

1610 

—80 

4670 

1633 

1.8 

97 

2320 

433 

21 

1920 

371 

—78 

1460 

266 

An  inspection  of  the  tables  shows  that  for  small  magnetizing  forces  the 
hysteresis  loss  is  greatest  at  the  high  teujperature  and  least  at  the  low 
temperature ;  while  for  large  magnetizing  forces  the  reverse  is  the  case. 
This  is  true  for  each  of  the  specimens.    It  will  be  observed,  however, 
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that  although  the  magnetizing  force  was  made  the  same  at  each  of  the 
three  temperatures  used,  the  maximum  induction  was  different,  owing  to 
the  fact  that  the  permeability  changes  with  the  temperature.  By  assum- 
ing the  truth  of  Steinmetz's  law  it  was  possible  to  interpolate  so  as  to  de- 
termine at  each  temperature  the  hysteresis  loss  corresponding  to  a  ^iven 
induction.  When  this  was  done  it  was  found  that  the  hysteresis  loss  at 
high  temperatures  was  always  less  than  at  lower  temperatures.  In  the 
case  of  the  tool  steel,  for  example,  for  an  induction  of  14700  the  hyster- 
esis loss  at  99^  was  29600,  while  at  a  temperature  of  —52°  and  the  same 
maximum  induction  the  loss  was  33850. 
The  results  have  not  yet  been  fully  worked  up. 


THK   RLKCTiaCAL  RESISTANCE  OF  LEAD   AMALGAMS   AT  LOW  TEMPKRATCKBS. 

By  G.  W.  Gressman,  Ithaca,  N.  Y. 

The  object  of  the  experiments  here  described  was  to  determine  the 
temperature  coefficient  for  resistance  in  the  neighborhood  of  the  freezing 
point  of  the  amalgam  tested.  Amalgams  were  prepared  containing  various 
proportions  of  lead,  ranging  from  pure  mercury  to  25%  lead.  The  specimens 
were  contained  In  little  U-tubes  of  small  bore  (about  1  to  2  mm.),  and 
were  cooled  to  a  temperature  below  their  freezing  points  by  a  bath  of 
ether  and  carbonic  acid  snow.  The  resistance  was  measured  by  the  fall 
of  potential  method  both  while  the  amalgam  was  cooling  and  while  it  was 
warming  up  again  to  the  temperature  of  the  room.  The  temperature  was 
determined  by  a  small  coil  of  copper  wire  wrapped  closely  around  the  U- 
tube  from  end  to  end. 

As  the  results  have  not  yet  been  fully  computed  only  a  general  state- 
ment can  be  made  concerning  tliem.  The  freezing  point  of  the  amalgam 
was  very  sharply  indicated  by  a  sudden  change  in  the  resistance,  the  re- 
sistance of  the  solid  amalgam  being  sometimes  only  one-fifth  as  great  as 
the  resistance  of  the  liquid.  The  freezing  point  as  determined  by  this 
sudden  resistance  change  was  found  to  depend  upon  the  amount  of  lead 
dissolved.  All  the  amalgams  tested  melted  at  a  hi<;her  temperature  than 
the  pure  mercury.  The  temperature  coefficient  of  the  amalgam  between 
ordinary  temperatures  and  the  freezing  point  was  found  to  be  nearly 
constant  As  the  amount  of  lead  dissolved  was  increased,  the  tempera- 
ture coefficient  diminished,  and  in  the  case  of  the  25%  amalgam  was  ex- 
tremely small.  This  amalgam,  which  is  only  seml-liquld,  shows  a  strange 
break  in  its  resistance  curve  in  the  neighborhood  of  30°,  the  coefficient 
being  apparently  positive  for  temperatures  below  this  point  and  negative 
fur  higher  temperatures.  This  concentrated  amalgam  is,  however,  rarely 
homogeneous,  and  seems  to  consist  of  at  least  two  parts  which  differ 
greatly  in  their  properties. 
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The  most  bfficiknt  thicknkss  of  transformkr  plaie.    By  Prof.  F. 
Bedell,  R.  M.  Klein  and  T.  P.  Thompson,  Ithaca,  N.  Y. 

In  a  laminated  magnetic  circuit  the  loss  due  to  hysteresis  Is 

that  due  to  eddy  currents  is 

VritnBy  io-« 

where  V  is  volume  in  cu.  cms.,  n  is  frequency,  B  is  magnetic  density,  t  is 
thickness  of  plate  in  mils.,  i?  is  hysteresis  coefficient,  and  r  is  an  eddy  cur- 
rent coefficient.    There  is  a  definite  value  to  the  thickness  t  which  makes 
the  total  loss  a  minimum  under  particular  conditions. 
(  To  be  published  in  the  Physical  Review,  Sept.  1898.) 


The  resistance  op  iron  wires  for  alternating  cuhrknts.    By  Prof. 
Ernest  Mbrritt,  Ithaca,  N.  T. 

The  resistance  of  iron  wires  to  alternating  currents  of  a  given  fre- 
quency cannot  be  computed  with  accuracy  on  account  of  the  uncertainty 
in  the  proper  value  to  be  given  to  ^  If  we  give  to  |i  a  value  of  about 
one  thousand,  which  seems  a  reasonable  one  for  wrought  iron,  the  or- 
dinary method  of  computation  would  indicate  an  enormous  resistance 
even  at  very  low  frequencies.  But  It  is  evident  that  the  resistance 
must  depend  upon  the  current  flowing  in  the  wire,  for  when  the  current 
is  large  the  outer  layers  of  iron  will  be  saturated  and  the  permeability  will 
in  consequence  be  small.  Since  the  permeability  will  l)e  different  at  dif- 
ferent depths  below  the  surface,  and  will  also  vary  during  tlie  course  of 
an  alternation.  It  seems  questionat)le  whether  the  ordinary  method  of 
computing  the  resistance  will  give  results  which  are  even  approximately 
correct.  The  following  experiments  were  undertaken  at  the  suggestioii 
of  the  writer  by  Mr.  H.  H.  Denio,  in  order  to  throw  some  light  on  the 
question  as  to  how  accurately  the  resistance  could  be  predicted. 

The  resistance  of  the  iron  wire  was  determined  by  a  bridge  method  in 
which  a  telephone  was  used  in  place  of  a  galvanometer.  One  arm  of  the 
bridge  was  made  of  a  short  piece  of  the  wire  in  question,  while  the  other 
three  arms  were  of  German  silver.  The  wires  were  stretched  upon  a 
board  frame  at  a  considerable  distance  from  each  other  so  that  errors  due 
to  self-induction  and  mutual  induction  should  be  as  small  as  possible.  It 
was  impossible  to  obtain  an  adjustment  which  gave  absolute  silence  in 
the  telephone,  but  the  position  of  minimum  sound  could  be  located  with 
considerable  accuracy.  With  each  wire  experimented  upon,  determina- 
tions were  made  for  a  variety  of  different  values  of  the  current  flowing 
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in  the  iron.  The  resistance  of  the  wire  was  measured  by  the  same  ap- 
paratus for  direct  currents  of  equal  strength.  Curves  were  then  plotted 
showing  tlie  relation  between  the  current  flowing  in  the  wire  and  the 
ratio  of  the  alternating  current  resistance  to  the  ordinary  resistance.  It 
was  necessary  to  use  this  ratio  in  plotting  in  order  to  eliminate  the  re- 
sistance variation  due  to  temperature  changes. 

A  great  variety  of  iron  and  steel  wires  was  tested,  but  the  results  were 
the  same  in  character  in  all  cases,  even  wheil  the  diameter  of  the  wire  was 
changed  through  a  wide  range.  For  low  currents  the  resistance  was 
practically  the  same  for  direct  and  alternating  currents.  As  the  current 
strength  increased  the  resistance  offered  to  alternating  currents  became 
greater,  and  Anally  reached  a  maximum.  It  then  decreased  again  as  the 
current  strength  was  made  still  greater,  and  with  a  sufUciently  strong 
current  the  resistance  was  again  practically  the  same  for  dinct  and  alter- 
nating currents.  The  maximum  value  of  the  resistance  was  abo;it  three 
times  that  offered  to  direct  currents. 

In  a  general  way  these  results  are  explained  by  chan«;es  in  the  satu- 
ration of  the  iron  resulting  from  chan<;es  in  the  current  flowing.  For 
very  small  currents  the  permeability  is  known  to  be  low,  so  that  an  iron 
wire  would  behave  in  much  the  same  way  as  :i  copper  wire.  For  larger 
currents,  the  iron  being  brought  into  a  condition  of  greater  permeability, 
the  throttling  effect  is  greater ;  but  when  the  current  has  been  increased 
to  such  an  extent  that  the  outer  layers  of  the  wire  begin  to  saturate, 
there  is  no  longer  any  tendency  for  the  current  to  concentrate  at  the  sur- 
face, and  the  resistance  again  approaches  the  ordinary  value. 

[To  be  published  in  the  Physical  Review.] 


On  the  efficikncy  of  condensers.     By  Prof.  E.  B.  Hosa  and  Aktiiur 
W.  Smith,  Mlddletown,  Conn. 

TiiR  enormous  discrepancies  in  tlie  results  of  various  observers  as  to 
the  amount  of  heating  in  condensers,  and  the  almost  entire  lack  of  precise 
statement  as  to  its  numerical  value,  led  us  to  measure  this  energy  loss 
in  such  a  way  that  it  could  be  expressed  absolutely.  The  preliminary  re- 
port of  our  work  was  presented  at  the  Detroit  meeting  last  year,  and  the 
method  is  here  briefly  described. 

THE   RKSONANCK  METHOD. 

A  low  voltage  alternating  E.  M.  F.  is  impressed  upon  a  condenser  and 
coil  in  series.    The  relation  between  the  capacity  C  and  self-induction  L 

being  C  =  —  .  n  =  2:r».    The  resulting  resonance  produces  a  high  voltage 

at  the  terminals  of  the  condenser.    The  current  in  the  lead  wires  Is  in 
phase  with  the  impressed  E.  M.  F.  and  a  wattmeter  will  accurately  meas- 
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ure  the  energy  used  by  both  coDdeDser  and  coll.    Subtracting  the  rP  loss 
In  the  coll  leaves  the  amount  of  energy  dissipated  In  the  condenser. 

Another  arrangement  was  to  place  the  coil  and  condenser  in  parallel  and 
Impress  a  high  £.  M.  F.  upon  both.  Each  takes  its  own  current,  but  the 
two  currents  being  so  nearly  opposite  In  phase,  the  resultant  current  in 
the  lead  wires  is  very  small  and  in  phase  with  the  E.  M.  F.  Hence  the 
power  can  be  measured  by  a  wattmeter  as  before. 

THK  EFPICIKNCY  OF  A  CONDENSER. 

Having  thus  determined  the  energy  dissipated  in  a  condenser,  it  remains 
to  discuss  the  eflflciency.  For  simplicity,  consider  both  current  and  E.M.F. 
to  be  simply  harmonic.  If  the  current  is  90^  ahead  in  phase,  as  would  be 
the  case  in  a  perfect  condenser,  the  power  curve  will  consist  of  equal  pos- 
itive and  negative  loops.  As  the  angle  of  advance  decreases  the  positive 
loops  ^vlU  Increase  and  the  negative  loops  decrease,  the  difference  between 
the  enclosed  areas  being  a  measure  of  the  energy  dissipated.  Thus  the 
area  of  the  positive  loop  represents  the  work  done  upon  the  condenser  in 
charging  It,  and  the  area  of  the  negative  loop  represeots  the  work  done 
by  the  condenser  In  Its  discharge. 

The  efficiency  is  the  ratio  of  the  work  done  by  the  condenser  in  its  discharge 
to  the  work  done  upon  the  condenser  in  charging  it.  This  Is  the  gross  effi- 
ciency. 

SECOND   DEFINITION  OF  EFFICIENCY. 

Regarding  the  condenser  as  an  Instrument  for  storing  electrical  energy, 
and  In  which  a  certain  amount  of  energy  Is  dissipated  in  the  process,  we 
may  define  the  percentage  of  loss  as  the  ratio  of  the  energy  dissipated  to 
the  energy  stored.  The  efficiency  is  then  unity  minus  the  loss.  This  we 
may  call  the  net  efficiency.    Then, 


Net  Efficiency  =  1 


Energy  Dissipated 
Energy  Stored. 


A     CALORIMETRIC    DETERMINATION    OF   THE     ENERGY  DISSIPATKD     IN  CON- 

DBN8EU8.    By  Prof.  E.  B.  Rosa  and  Arthuu  W.  Smith,  Middletown, 
Conn. 

The  condenser  is  placed  within  a  calorimeter  of  special  construction 
and  subjected  to  an  alternating  E.  M.  F.  After  a  few  hours  the  heat  given 
off  by  the  condenser  reaches  a  steady  value  and  can  be  measued.  Described 
l)rleily,  the  calorimeter  Is  a  box  large  enough  to  contain  the  condenser, 
and  surrounded  by  three  concentric  walls  of  wood.  By  special  arrange- 
ments there  is  no  gain  or  loss  of  heat  through  the  walls.  The  heat  generated 
by  the  condenser  Is  absorbed  and  carried  away  by  a  stream  of  cold  water 
flowing  through  copper  pipes.  The  rate  of  absorption  is  regulated  so  as 
to  maintain  the  temperature  of  the  calorimeter  constant. 
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The  accuracy  of  the  calorimeter  was  tested  by  measuring  the  heat  gen- 
erated by  an  electric  current  through  a  resistance.  The  heat  measured  was 
equivalent  to  12.87  watts,and  the  electrical  measurements  gave  12.34  watts. 

A  good  many  determinations  have  been  made  with  different  condensers 
and  with  the  same  condenser  under  varying  conditions  of  temperature  and 
voltage.  In  general,  we  have  found  about  1%  loss  in  paraffin  condensers 
and  five  times  as  much  in  beeswax  and  rosin  condensers. 


On  TIIIC  graphical  TRRATBIBNT  of  mutually  INDUCriVE  CIRCUITS,    WITH 
8PKCIAL   REVKKBNCE  TO  THE  CASE  OF    VARIABLE  FRBQURNCY.      By  Dr. 

Henry  T.  Eddy,  Minneapolis,  Minn. 

This  paper  treats  first  the  air  transformer  with  a  given  alternating  cur- 
rent in  the  primary  circuit,  finding  analytically  the  nature  of  the  locus  as 
the  frequency  varies  of  the  extremity  of  the  vector  representing  the  pri- 
mary E.  M.  F.,  and  showing  how  it  may  be  readily  constructed  by  help  of 
considerations  peculiar  to  such  loci. 

The  case  of  a  given  alternating  E.  M.  F.  is  next  considered,  and  the  locus 
of  the  extremity  of  the  vector  representing  the  primary  current  is  con- 
structed. 

These  constructions  are  exhibited  for  two  mutually  inductive  circuits 
with  assumed  numerical  values  of  self  induction,  mutual  induction  and 
resistance,  by  taking  first  one  circuit  as  the  primary  and  then  the  other. 

Thirdly,  it  is  shown  that  the  locus  of  the  extremity  of  the  vector  repre- 
senting the  secondary  current  is  a  circle,  and  It  Is  the  same  circle  which- 
ever circuit  be  taken  as  the  primary  in  which  the  given  E.  M.  F.  acts. 

A  similar  statement  as  to  the  case  of  a  given  current  in  the  primary 
makes  the  locus  representing  the  secondary  E.  M.  F.  a  circle,  and  It  is  the 
same  circle  whichever  circuit  is  the  primary. 

These  circles  furnish  an  alternative  method  of  constructing  the  loci  of 
the  prlniarj. 

Lastly,  the  paper  treats  the  combined  currents  In  the  two  circuits  In  case 
the  given  E.M.F.  act  upon  them  simultaneously  connected  In  parallel,  this 
being  a  composition  and  combination  of  the  separate  results  previously 
obtained  to  give  loci  representing  the  total  current  in  each  branch  and 
both  branches  of  a  split  circuit  In  case  of  mutual  Induction  between  the 
branches. 

[This  paper  Is  published  in  the  Transactions  of  the  American  Institute 
of  Electrical  Engineers.] 


An   APPARATUS  FOR  DETERMINING  CoisKFICENTS   OF   INDUCTION.      By  Prof. 

Sidney  T.  Moreland,  McDonogh,  Md. 

Two  rectangular  colls  of  about  the  same  size  except  that  one  Is  small 
enough  to  be  placed  Inside  the  other  are  arranged  with  their  planes  at 
right  angles  to  each  other  so  as  to  enclose  a  common  space  U"xl<^''x 
Si".    In  this  space  is  delicately  suspended  a  hollow  copper  cylinder  as 
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large  as  It  may  be  to  turn  freely.  A  mirror  is  attached  to  the  support  of 
the  cylinder  and  by  means  of  a  lamp  and  scale  any  slight  motion  of  the 
cylinder  may  be  detected.  If  each  of  the  coils  is  placed  in  one  branch  of  a 
divided  circuit  carrying  an  alternating  current  In  general  a  rotary  field 
will  be  produced  in  the  space  common  to  the  two  coils  and  the  suspending 
cylinder  will  turn  until  the  resisting  torque  of  the  suspending  wire  bal- 
ances the  torque  produced  by  the  rotary  field.  Let  L,  and  r,  be  the  coef- 
ficient of  self  Induction  and  the  total  resistance  In  one  branch  of  the 
divided  circuit  and  L^  and  r^  similar  quantities  for  the  other  branch. 

Then  If  rj  be  so  adjusted  that  — i=— ^  no  rotary  field  will  be  produced 

and  the  cylinder  will  not  be  defiected.  If  another  coll  L^  and  r^  (r.  In- 
cluding any  non-inductive  resistance  that  may  be  added)  be  put  In  series 

with  Li  r,,  then  for  no  rotation  we  must  have     '    , — —^  — ^,  but  this  can 

fi  -f-  ^3        Vi 
L         L  r 

only  be  true  when  -i-= — -  or  L.  =-^Z,.  From  which  it  Is  seen  that  if 

Lj  has  been  previously  determined  by  some  Independent  method,  L^  may 
be  determined  by  mertsurlng  r^  and  r, ;  we  may  measure  r^  once  for  all 
and  hence  we  have  only  to  adjust  r^  so  as  to  get  no  defiection  and  then 
measure  r^  in  order  to  determine  L^. 


An  apparatus  for  dkmonstrating,  in  altkrnating  currbnts,  the 
changk  of  phase  duk  to  kithkr  inductance  or  capacity.  by 
Prof.  SiDXBY  T.  MoRKLAND,  McDonogh,  Md. 

The  apparatus  consists  of  a  circuit  divided  Into  two  branches  In  each 
of  which  is  a  conductor  stretched  across  the  field  of  a  strong  electromag- 
net and  supplied  with  an'angements  for  delicate  adjustment  of  the  ten- 
sion. When  properly  tuned  the  conductors  vibrate  under  the  Infiuence  of 
the  alternating  current.  Each  of  these  conductors  has  a  small  mirror  at 
one  end  of  It;  the  conductors  are  placed  at  right  angles  to  each  other  wlih 
the  mirrors  vis  a  vis  and  so  adjusted  that  a  beam  of  light  may  be  succes- 
sively reflected  from  them.  This  arrangement  gives,  of  course,  Llssa- 
jou's  figures  when  the  conductors  are  vibrating;  If  the  phase  Is  the  .«ame 
in  the  two  branches  the  resultant  Is  a  straight  line;  if  there  Is  a  difference 
of  phase  this  resultant  will  In  general  be  an  ellipse.  To  show  the  direc- 
tion of  motion  In  describing  the  ellipse,  in  order  to  determine  which  con- 
ductor is  behind  the  other  in  phase,  the  light  Is  made  intermittent  by 
means  of  a  tuning  fork.  If  the  two  branches  of  the  divided  circuit  are 
alike  otherwise  but  an  electro-magnet  is  placed  In  one  branch,  the  ellipse 
will  appear  with  the  motion  in  a  certain  direction  around  It;  If  now 
capacity  be  substituted  for  the  electro-magnet  the  direction  of  motion  Is 
observed  to  reverse. 
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On  thk  velocity  of  light  in  a  magnetic  field  :  a  report  of  experi- 
ments MADE  with  the  AID  OF  A  GRANT  FROM  THK  RESEARCH  FUND  OF 

THE  Association.  By  Prof.  Edward  W.  Morley,  Cleveland,  Ohio; 
Prof.  Henhy  T.  Eddy,  Minneapolis,  Minn.;  and  Prof.  Dayton  C. 
Miller,  Cleyeland,  Ohio. 

PART  in.*  results  of  the  experiment. 

1.  With  the  apparatus  described  in  the  first  part'  of  this  report,  we 
nsed  a  current  which  produced  a  rotation  of  fifty  degrees  in  the  plane 
of  polarization  of  the  light  emitted  by  a  Bunsen  flame,  fed  with  sodium 
carbonate,  the  light  passing  twice  through  the  bisulphide. 

When  half  of  a  ray  of  light  suffers  such  a  rotation  before  producing 
interference  with  the  unchnngcd  half,  the  intensity  of  the  minima  is  of 
course  lessened.  This  lessening  was,  in  onr  experiment,  by  no  means  of 
such  a  character  as  obviously  to  interfere  with  the  accuracy  of  observa- 
tion. 

One  observer  produced  the  desired  magnetic  field  alternately  In  the  two 
cblls  announcing  the  alternations  by  using  signal  words  which  kept  the 
other  observer  ignorant  of  the  direction  of  the  current.  The  second  ob- 
server, selecting  a  time  when  the  unstable  Interference  fringes  assumed  a 
sensitive  form,  endeavored  to  detect  any  displacement  due  to  the  current, 
and  to  determine  whether  its  direction  indicated  retardation  or  accelera- 
tion of  the  light.  Both  observers  (Eddy  and  Morley)  were  inclined  to 
believe  that  there  was  a  displacement,  amounting  to  perhaps  a  fiftieth  of 
a  wave  length ;  by  suitable  very  slight  rotation  of  the  plate  c  d?  each 
observer  decided  whether  the  displacement  indicated  acceleration  or  re- 
tardation. It  may  be  said  that  all  the  observations  agreed  as  to  the  sign 
of  the  effect  indicating  an  acceleration.  If  the  observers  could  feel  con- 
fidence in  this  result,  we  should  have  to  Infer  an  acceleration  of  about  one 
part  in  a  hundred  million  in  a  column  of  bisulphide,  sixty  centimetres  in 
length  surrounded  by  a  magnetic  field  producing  a  rotation  of  fifty  de- 
grees in  the  plane  of  pplarization  of  light  corresponding  to  the  Z>  line  of 
the  solar  spectrum.  But  the  interferences  seen  were  never  stable  enough 
to  ndrait  of  certainty  as  to  one-fiftieth  of  a  wave  length. 

2.  When  this  experiment  wa«  reported  to  the  Association  in  1890,  Sec- 
tion B  recommended  a  further  grant  In  order  to  repeat  the  experiment 
with  a  greater  rotation.  At  first  It  was  proposed  to  obtain  a  rotation  of  a 
whole  circumference;  but  the  behavior  of  carbon  bisulphide  in  so  long 
a  column  was  uncertain.  It  was  therefore  thought  proper  first  to  obtain 
a  rotation  of  half  a  circumference ;  and  this  has  now  been  secured.  Since 
the  result  is  negative,  not  many  details  as  to  dimensions  of  parts  of  the 

•Parts  I  and  II  of  tills  report  may  be  found  in  Proceedings  American  Association, 
1890,  p.  81. 
'Proceedings  American  Association,  1890,  p.  82. 
'Figrure  on  page  81,  Proceedings,  1890. 
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apparatus  need  be  given,  except  to  say  that  the  lengths  of  coil,  and  of 
column  of  bisulphide,  were  twice  those  used  before,  and  that  a  current  of 
twenty-seven  amperes  produced  rotation  of  half  a  circumference  of  the 
plane  of  polarization  of  light  corresponding  to  the  D  line,  when  the  light 
passed  through  one  hundred  twenty  centimetres  of  bisulphide. 

We  also  used  a  more  elaborate  method  of  securing  the  thermal  and  op- 
tical stability  of  the  carbon  bisulphide,  as  was  made  very  necessary  by  the 
double  length  of  the  apparatus.  We  had  a  circulation  of  water  and  a  cir- 
culation of  bisulphide;  and  the  tank  which  supplied  the  current  of  bi- 
sulphide was  Immersed  in  that  which  supplied  water.  If  any  further 
step  is  to  be  made,  it  will  be  necessary  to  work  with  a  current  of  bisal- 
phide  of  five,  ten,  or  twenty  feet  a  second. 

8.  A  current  was  sent  through  the  coils  at  tlje  call  of  the  observer  at 
the  telescope.  This  caused  the  Interference  bands  to  shift  by  one-half 
wave  length,  due  to  the  reversal  of  phase  of  one  ray.  A  micrometer 
wire  was  set  on  a  maximum  or  minimum,  the  current  was  reversed,  and 
the  coincidence  of  the  maximum  or  minimum  with  the  wire  was  scmtl- 
nlzed.  As  a  result  of  such  scrutiny,  both  observers  (Morley  and  Miller) 
agree  in  affirming  that  there  was  no  such  displacement  in  their  exp<rri- 
ments  as  one-twentieth  part  of  a  wave  length  and  that  there  is  no  advan- 
tage to  be  expected  from  increasin<;  the  size  of  the  apparatus  and  repeating 
the  experiment  with  carbon  bisulphide,  unless  it  shall  be  kept  optically 
hoiiiogeneouH  by  rapid  motion.  If  dense  glass,  sufflclenily  transparent  In 
long  columns,  could  be  used,  it  would  probably  be  possible  u>  detect  a 
quail ilty  which,  if  a  liquid  Is  used,  could  not  be  detected  except  at  great 
expense. 

We  have  then  to  report,  tliat  we  are  confident  that  when  light  corre- 
sp(»ndlng  to  the  solar  D  line  passes  through  one  hundred  twenty  centi- 
metres of  carbon  bisulphide  In  a  magnetic  field  sufficient  to  produce  rota- 
tion of  the  plane  of  polarization  by  half  a  circumference,  there  is  no  such 
change  of  velocity  as  one  part  In  sixty  million ;  probably  not  one  part  in 
one  hundred  million. 


On  the  osmotic  prkssuhe  of  certain  ethek  solutions  and  its  rela- 
tion TO  Boylk-Van't  Hokp's  law.  By  H.  M.  Goodwin  and  Georoe 
K.  Burgess,  Boston,  Mass. 

The  authors  have  determined  the  osmotic  pressure  of  ether  solutions  of 
naphthalene,  benzophenone  and  diphenylamlne  at  12  9^  C.  from  measure- 
ment of  the  vapor  pressures  of  these  solutions.  The  concentrations  of 
the  solutions  varied  from  about  one  to  twenty  per  cent  by  weight.  The 
vapor  pressure  of  each  solution  was  measured  directly  by  causing  the 
solution  to  boll  under  such  a  diminished  pressure  that  the  temperature 
was  that  of  the  boiling  solvent.  The  temperature  was  indicated  by  a 
platinum  resistance  thermometer  placed  In  the  boiling  liquid.    This  ther- 
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moroeter  formed  one  arm  of  a  Wheatstone  bridge,  the  three  others  of  ivhich 
were  mangaDene  coils,  maintained  at  uniform  temperatnre  in  a  thermo- 
stat. A  galvanometer  capable  of  detecting  a  change  of  temperature  of 
0.001**  of  the  platinum  coil  was  employed.  12.90°  was  chosen  as  temper- 
atnre to  permit  the  use  of  Ramsay  and  Yonng*s  data  on  the  specific  volume 
of  ether  vapor,  in  the  computation  of  the  osmotic  pressure,  from  the 
vapor  pressure  measurements. 

Specific  gravity  determinations  of  the  solutions  were  also  made  at 
1 2.90°  C.  to  permit  of  the  reduction  of  concentrations  to  molecules  of  solute 
per  litre  of  solution.  The  reciprocal  of  this,  i.  e.,  the  volume  F,  occupied 
by  one  molecular  weight  of  dissolved  substance,  was  then  compared  wlih 
the  corresponding  value  of  the  osmotic  pressure  P.  Plots  were  made 
with  values  of  PTas  ordlnates  and  P  as  abscissae.  It  was  found  that  this 
product  was  a  constant,  for  none  of  the  three  solutions  investigated,  as  it 
should  be  if  the  laws  of  a  perfect  gas  were  exactly  followed.  In  all  cases 
the  product  diminished  with  Increasing  concentration,  but  by  dlfi*erent 
amounts,  the  curves  resembling  closely  in  form  those  representing  simi- 
lar relations  for  the  more  easily  compressible  gases.  In  the  case  of 
diphenylamlne  the  product  PV  approached  a  constant  or  possibly  mini- 
mum value  at  pressure  of  about  sixteen  atmospheres.  Benzophenone 
showed  no  tendency  to  approach  a  minimum  at  even  greater  pressures  than 
this;  while  naphthalene  occupied  an  Intermediate  position.  As  the  proba- 
bility of  dissociation  phenomena  In  these  solutions  Is  exceedingly  small, 
It  would  seem  that  each  of  the  substances  investigated  has  Its  x>wn 
peculiar  condition  equation  ^  (tp.  v)=0  just  as  is  the  case  with  gases 
and  vapors,  with  the  exception  of  the  few  so-called  permanent  gases. 
Azobenzlne  In  ether  solutions  (investigated  by  Noyes  and  Abbot),  seems 
on  the  other  had  to  follow  very  closely  Boyle-Van't  Hoft^s  law. 


On  the  dirlkctric  constant  and  klectrical  conductivity  ok  uquid 
AMMONIA.  By  H.  M.  Goodwin  and  M.  de  Kay  Thompson,  Jr  ,  Bos- 
ton, Mass. 

It  has  been  pointed  out  by  J.  J.  Thompson  and  Nernst  that  the  dissoci- 
ating power  of  a  solvent  Is  Intimately  related  to  its  dielecirlc  constant 
(D.  C).  So  far  as  a  comparison  of  these  two  properties  can  be  made 
from  existing  data  an  approximate  proportionality  has  been  found  to 
hold  between  them.  Thus  water  of  all  solvents  forms  by  far  the  best 
conducting  solutions  and  has  the  abnormally  high  dielectric  constant  of 
about  eighty.  It  might  be  expected  therefore  that  If  a  solvent  were 
found  with  a  still  greater  D.  C.  its  power  of  forming  electrolytic  solutions 
would  be  greater  than  that  of  water,  and  conversely.  No  liquid  with  a 
greater  D.  C.  than  that  of  water  has  been  discovered,  but  It  has  been  re- 
cently shown  by  Cady  that  the  molecular  conductivity  of  many  salts  dis- 
solved In  liquid  ammonia  Is  greater  than  the  corresponding  molecular 
conductivity  which  they  possess  in  water.  Liquid  ammonia  would  seem 
from  this  to  possess  a  dissociating  power  greater  than  water.    It  was 
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thought  therefore  to  be  of  considerable  interest  to  measure  its  D.  C.  in 
order  to  determine  if  the  Thompson-Nernst  relation  also  held  In  this 
case. 

The  method  employed  was  that  described  by  Drude.  It  consisted  essen- 
tially in  generating  a  series  of  short  electrical  waves  in  a  system  of 
parallel  wires,  bridging  the  wires  across  with  a  cell  containing  electrodes 
immersed  in  the  liquid  under  investigation  and  noting  the  position  of  the 
cell  on  a  graduated  scale  when  the  length  of  the  secondary  circuit  had 
been  adjusted  to  maximum  resonance.  This  was  determined  by  noting 
when  a  vacuum  tube  placed  in  the  path  of  the  waves  lighted  up  with  its 
maximum  brilliancy.  The  apparatus  was  calibrated  by  noting  the  posi- 
tion of  maximum  resonance  with  the  cell  filled  with  benzene,  acetone, 
water,  and  mixtures  of  these  liquid"*,  the  D.  C.  of  which  was  Icnown. 

The  following  results  were  found  for  various  preparations  of  liquid 
ammonia,  at  —  Si"^  C.  ±  1^. 

Commercial  liquid  ammonia 21 

Prepared  from  lime  and  ammonium  chloride    .        .  23 

Distilled  from  commercial  ammonia  over  lime  .        .  22 

Ammonia  over  lime 21.5 

These  values  instead  of  approximating  the  value  for  water  are,  it  is 
seen,  of  the  order  of  magnitude  of  the  D.  C.  of  acetone  and  of  alcohol 
both  weakly  dissociating  liquids.  Were  the  comparison  made  at  a  higher 
temperature,  the  above  values  would  undoubtedly  be  still  smaller  as  Abegg 
has  shown  that  the  D.  C.  increases  in  general  rapidly  with  falling  tem- 
perature. It  would  seem,  therefore,  that  liquid  ammonia  forms  a  marked 
exception  to  the  Thompson-Nernst  relation.  In  view  of  this  fact,  it 
seemed  desirable  to  confirm  certain  results  on  the  abnormally  high  con- 
ducting power  of  ammonia  solutions. 

F«»r  this  purpose  a  method  was  devised  by  which  the  ammonia  could  be 
distilled  directly  over  into  the  conductivity  cell  and  measured  under  pres- 
sure, thus  avoiding  evaporation  and  boiling  at  the  electrodes  during  the 
measurements  and  permitting  measurements  to  be  made  at  any  tempera- 
lure  by  Immersing  the  cell  in  suitable  baths. 

Pure  liquid  ammonia  was  found  to  have  a  specific  conductivity  of 
1.6  X  10"^  at  —15°  to  —20°  and  a  temperature  cofiflicient  of  1.6%  per  de- 
gree. Solutions  of  sliver  nitrate  in  liquid  ammonia  were  measured,  and 
the  following  values  found  for  the  molecular  conductivity : 


Volume  in  litres. 

uxio 

Temp. 

110 

180 

—16.4° 

94 

176 

—16.3 

78  9 

171 

—16.2 

64.0 

163 

—15.2 

54 

153 

—14.5 

30 

134 

—12.2 

140 

147 

-84    (Cady) 
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The  values  increase  more  slowly  as  the  dilution  increases  as  In  the 
case  of  aqueons  solutions ;  but  are,  even  at  the  low  temperature  at  which 
they  are  determined,  considerably  higher  than  the  corresponding  values  of 
aqueous  solutions.  It  would  seem,  therefore,  that  in  liquid  ammonia  so- 
lutions either  the  velocity  of  migration  of  the  Ions  Is  enormously  greater 
than  in  water,  or,  and  this  seems  more  probable,  the  dissociation  itself 
is  in  reality  large,  in  which  caj<e  the  Thompson-Nernst  law  suffers  an 
exception. 


Progress  in  the  exploration  of  thk  air  vnru  kites,  at  Blue  Hill 
Observatory,  Milton,  Massachusetts.  By  A.  Lawrence  Rotch, 
Director. 

In  August,  1894,  a  meteorological  instrument,  recording  graphically  and 
continuously,  was  lifted  by  kites  for  the  first  time  and  this  method  of  ob- 
taining data  in  the  free  air  with  improved  apparatus  has  been  in  use  since 
at  Blue  Hill.  The  apparatus  employed  until  February,  1897,  has  been 
described  by  my  assistant,  Mr.  Fergusson,  and  the  data  obtained  have 
been  discussed  by  another  assistant,  Mr.  Clayton,  in  Annals  of  the  Astr. 
Observatory  of  Harvard  College,  Vol.  5clii.  Part  1.  Appendix  B.  Subse- 
quently by  means  of  new  apparatus  constructed  with  the  aid  of  a  grant 
from  the  Hodgkins  Fund  of  the  Smithsonian  Institution,  much  greater 
heights  were  reached.  For  example,  in  October,  1897,  records  of  the 
pressure  of  the  atmosphere,  with  the  temperature  and  relative  humidity 
of  the  air,  were  brought  down  from  more  than  eleven  thousand  feet  above 
Blue  Hill  and  the  average  height  attained  by  the  meteorograph  in  all  the 
recent  flights  is  a  mile  and  a  half.  In  consequence  of  reports  made  by 
the  writer  to  the  International  Meteorological  Conference  at  Paris  in 
1896  and  to  his  colleagues  of  the  International  Aeronautical  Committee  at 
a  meeting  last  April,  kites  are  now  being  used  in  Europe  to  obtain  mete- 
orological data  and  the  value  of  the  method  is  generally  recognized. 

[This  paper  will  be  printed  in  the  Monthly  Weather  Review  of  the 
U.  S.  Weather  Bureau.] 


TKBfPERATURE    AND  VAPOR    GRADIENTS    IN    THE    ATMOSPHERE.      By    Prof. 

Frank  H.  Bioelow,  U.  S.  Weather  Bureau,  Washington,  D.  C. 
(Read  in  Joint-Session  with  Section  A.) 

The  thermodynamic  conditions  of  the  atmosphere  have  long  been 
studied  by  meteorologists,  but  the  recent  development  of  upper  air  ob- 
servations by  means  of  clouds,  balloon  and  kite  ascensions,  have  rendered 
the  subject  of  even  more  Importance.  I  have,  therefore,  made  a  compar- 
ative examination  of  the  work  of  the  leading  authorities,  and  present 
a  brief  account  of  my  conclusions.  There  are  two  types  of  formul®, 
namely,  the  exponential  and  the  logarithmic,  upon  which  the  entire  subject 
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rests.  It  may  be  shown  that  these  are  drawn  from  the  same  fandamental 
thermodynamic  equations. 

After  adopting  a  certain  system  of  notation  it  can  be  proved  that  the 
sets  of  formulae  used  by  Ferrel,  Hann,  Sprung  and  Sohncke,  are  exponen- 
tial and  Identical ;  also  that  the  formulas  employed  by  Hertz  and  von  Bezold 
are  logarithmic,  and  when  fully  expanded  are  In  agreement.  Furthermore, 
the  set  of  exponential  formulae  can  be  transposed  rigorously  into  tlie 
logarithmic  set,  so  that  in  fact  this  great  body  of  matt^rial  presents  only 
different  aspects  of  the  same  fundamental  processes. 

These  formulae  are  adapted  to  study  the  Ave  sta*jes  or  conditions  exist- 
ing in  the  free  atmosphere :  the  dry,  the  unsaturated  (dry  air  -f-  aqueous 
vapor),  the  saturated  (dry  air  +  vapor  -f-  water),  the  freezing  (vapor  -f- 
water  -f-  ice),  the  frozen  (dry  air  -f-  vapor  -f-  Ice).  The  four  last  men- 
tioned are  the  Hertz  «  /^  y  ^  stages,  respectively.  Now  when  we  come  to 
examine  the  practical  use  of  these  theoretical  conclusions,  resting  as  they 
do  upon  firm  foundations,  we  find  that  little  has  ever  been  done  with 
them.  The  observations  themselves  show  that  the  atmospheric  gradients 
of  temperature  and  vapor  contents  do  not  conform  very  closely  to  the 
adiabatic  limitations  involved  in  the  formulae.  On  the  otlier  hand,  no 
systematic  study  has  been  made  of  the  exact  physical  changes  required  to 
pass  from  the  adiabatic  to  the  natural  gradients  which  are  actually  ob- 
served. It  is  my  purpose  to  make  such  a  study  for  the  work  of  the 
Weather  Bureau. 

Hertz  made  up  a  diagram  of  the  curves  involved  in  his  formulae  for 
practical  purposes,  but  in  constructing  them  several  of  the  terms  In  the 
formulae  were  deprived  of  the  vapor  contents  entirely,  so  that  his  curves 
are  only  approximations,  and  the  process  not  rigorous  or  suitable  for 
cloud  studies,  wherein  even  minute  quantities  of  vapor  must  be  retained. 
If  his  rigorous  formulae  are  computed  for  each  case,  the  process  is  so 
tedious  that  It  will  not  be  practically  employed  by  any  one.  I  have,  there- 
fore, attempted  to  secure  ii  rigorous  method  of  utilizing  these  valuable 
processes.  To  begin  with,  it  can  be  shown  that  the  entire  system  of 
formulae  has  functions  of  only  three  quantities  p,  «,  e,  pressure,  temper- 
ature and  vapor  tension.  One  specimen  of  the  three  types  of  formulae, 
from  the  saturated  (z^^)  stage  will  be  written  down  for  comparison. 

Exponential  Formvla.      (/5). 
[A   (.  -  .378  1)  BT  +    V]  I  =  [c^    (1  -  .378|)   +  J^]  <«  7. 

Logarithmic  Formula.     (/5) . 
O  =  (^Cp  +  !ic,)  log  ^  -  A  AR  log      ^' 
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Bigelow's  Formula,     (ft)  • 
[.2374  -h  .4748  -|  +  .145  J^]  log  T—  (.06868  —  .04266  ^)  log    (-»—«') 

.  r  ^97.6  /809.4  v  c  -,       c'  ^ 

Similar  formnlse  are  developed  for  all  the  other  stages. 

Now  these  rather  complex  formulae  can  be  reduced  to  double  entry 
tables,  -which  are  very  easy  to  use  not  only  with  rigor  but  also  rapidly. 
A  complete  example  was  shown  of  the  method  Qf  tracing  the  variations  In 
a  specimen  kilogram  of  the  atmosphere,  on  moving  it  from  the  ground 
upwards,  while  it  passes  through  all  the  stages.  Comparison  was  made 
with  the  results  obtained  with  the  logarithmic  formulae,  and  with  the  ap- 
proximate values  found  by  the  Hertz  diagram.  Some  account  was  also 
given  of  the  practical  uses  of  this  method  in  cases  of  inversion  of  temper- 
ature, in  the  vertical  gradients,  and  in  other  cases  coming  under  obser- 
vation. 


ThR  SFRUCTURE  op  CYCLONR8  AND  ANTICYCLONES.      By  Prof.   FRANK  H. 

BiGEix>w,  U.  S.  Weather  Bureau,  Washington,  D.  C. 
(Jiead  in  Joint- Session  tpith  Section  A.) 

At  the  Detroit  meeting  of  the  Association,  1897,  some  account  was 
^Iven  of  the  mathematical  status  of  the  theories  which  have  been  ad- 
vanced by  Ferrel,  Oberbeck,  Pockels,  Sprung  and  others,  to  account  for  the 
movements  of  the  air  in  cyclones  and  anticyclones.  It  was  shown  in  gen- 
eral that  these  solutions  depend  upon  certain  assumptions,  which  make  the 
circulation  ideal  rather  than  natural,  and  that  there  are  several  grave 
difficulties  in  the  way  of  accepting  the  theories  involved  as  competent  to " 
give  a  complete  solution  of  the  problem.  A  brief  review  of  the  various 
proposed  forms  of  vortex  motion  was  made  by  the  speaker. 

As  a  preliminary  to  the  true  theoretical  solution  of  this  complex  prob- 
lem of  fluid  motion,  it  is  necessary  to  secure  a  correct  knowledge  of  what 
the  stream  lines  of  motion  In  the  atmosphere  really  are,  which  produce 
cyclonic  and  anticyclonic  effects  at  the  surface  of  the  earth.  It  was  for 
this  purpose  that  the  International  Cloud  Observations  were  carried  on 
during  the  years  1896,  1897,  and  by  means  of  them  the  United  States 
Weather  Bureau  has  obtained  more  than  30,000  observations,  available 
for  the  purposes  of  this  discussion.  They  were  made  with  the  same 
type  of  nephoscope  at  fourteen  stations,  the  Blue  Hill  Observatory  also 
cooperating;  the  reductions  have  been  executed  on  a  comprehensive  plan, 
and  the  results  are  definite  and  satisfactory.    If  these  observations  could 
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be  continued  for  two  or  three  years  lon-er,  certain  imperfections  and  irrcK- 
ularities  in  the  final  vector  systems  would  doubtless  be  entirely  eliminated. 
The  first  general  result  was  the  determination  of  the  mean  velocities  in 
the  eight  cloud  strata  over  the  high  areas  and  the  low  areas.  A  diagram 
was  exhibited  and  explained,  showing  that  the  average  velocity  Is  as  fol- 
lows, in  meters  per  second  and  in  miles  per  hour. 

CLOUDS. 

Cirrus  'i 

Cirro-stratus  j 

Cirro-cumulus 

Alto-stratus 

Alto-cumulus 

Strato-cumulus 

Cumulus 

Stratus 

Wind 

A  very  interesting  fact  appears,  namely,  that  the  atmosphere  appar- 
ently in  traversed  by  three  distinct  currents :  the  lower  in  the  stratum  900 
to  1,500  metres  high,  the  middle  at  the  stratum  2,500  to  4,500  metres,  and 
the  upper  at  the  stratum  6,500  to  8,000  metres.  Furthermore  at  the  bot- 
tom of  each  of  these  layers,  which  move  with  nearly  uniform  velocity 
throughout  their  entire  depth,  it  is  found  that  the  stratus  forms  of  clouds 
occur,  and  that  at  the  top  of  each  of  these  streams  the  cumulus  types 
are  observed.  This  suggestt)  that  in  every  case  stratus  clouds  develop  at 
the  bottom  of  a  moving  stream  of  air  and  cumulus  clouds  at  the  top, 
the  former  depending  upon  the  difference  of  velocity  and  temperature, 
which  always  marks  the  boundary  of  two  layers  of  air  moving  over  each 
other,  and  the  latter  upon  the  convectional  ascension  within  the  layer  pt 
air  whose  velocity  is  approximately  uniform  throughout  its  depth.  This 
comprehensive  classification  of  cloud  forms  receives  much  support  in  the 
physical  facts  that  are  known  to  accompany  cloud  formations. 

The  next  result  described  was  the  chart  of  the  mean  annual  vectors  of 
the  air  movement  in  the  several  cloud  layers  over  the  high  and  the  low  areas. 
By  placing  a  low  area  between  two  adjacent  highs,  to  show  the  continuoas 
motion  through  a  complete  system  of  circulation,  the  following  features 
are  displayed :  in  the  cirrus  (9,800  m.)  the  vectors  are  nearly  all  east- 
ward with  a  slight  sinuous  wave  above  the  highs  and  below  the  lows ; 
in  the  cirro-stratus  (9,800  m.)  this  is  a  little  more  pronounced;  In  the 
cirro-cumulus  (8,100  m.)  the  wave  is  clearly  marked;  in  the  alto-stratus 
(5,900  m.)  the  wave  is  somewhat  deeper;  in  the  alto-cumulus  (4,500  m.) 
the  gyratory  components  are  evidently  stronger,  but  there  is  only  a  deep 
sinuous  stream  line ;  in  the  strato-cumulus  (2,500  m.)  some  of  the  south- 
ern vectors  of  the  high  begin  to  turn  westward,  and  the  northern  vectors 
of  the  low  are  thrown  upward;  in  the  cumulus  (1,500  m.)  is  first  formed 
a  complete  anticyclonic  circulation,  well  developed  in  all  the  quadrants, 
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but  the  cyclone  is  only  partially  rotated ;  In  the  stratus  C900  m.)  and  at  the 
ground,  the  well-known  directions  of  movement  are  found  fully  formed. 
These  vectors  are  compounded  of  the  eastward  drift  and  the  rotary  com- 
ponents. 

A  diagram  was  next  bhown  giving  the  purely  gyratory  components, 
after  eliminating  the  eastward  drift.  Omitting  the  details,  it  shows  that 
the  anticyclouic  components  extend  from  the  cirrus  (9,800  m.)  to  the 
ground ;  in  the  case  of  the  lows  the  cyclonic  components  disappear  at  the 
cirro-cumulus  level  (8,100  m.),  about  one  mile  below  the  elevation  to  which 
the  anticyclouic  components  were  traced.  In  Professor  Ferrers  theory, 
the  cyclone  extended  upward  by  convectional  action  above,  and  overflowed 
upon  the  high  area.  The  evidence  is  here  precisely  opposite  in  its  tend- 
ency, the  anticyclone  being  found  at  greater  elevations  than  the  low  area, 
and  hence  the  Ferrel  theory  is  not  sustained. 

In  order  to  condense  the  data  and  eliminate  to  some  extent  the  minor 
irregularities,  the  nine  sets  of  vectors  were  reduced  to  three  by  uniting 
respectively,  the  cl.,  ci.s.,  ci.cu. ;  a.s.,  a.cu.,  s.cu. ;  cu,  8.  wind.  The  con- 
clusion is  most  instructive.  There  are  three  sets  of  vectors  at  the  mean 
distances  250,  750,  1250  kilometers  from  the  centre  or  155,  406,  777  miles, 
respectively.  In  the  case  of  the  high  areas  the  vectors  on  the  two  outer  cir- 
cles all  point  outward  from  the  centre ;  near  the  centre,  in  the  upper  levels 
the  vectors  point  inward,  in  the  middle  levels  they  are  tangential,  and  in 
the  lower  levels  they  point  outward.  Therefore,  at  the  centre  there  ex- 
ists a  true  vortex  with  reversal  of  gradient  slope ;  on  the  two  outer  cir- 
cles there  is  only  the  deflection  due  to  two  horizontal  currents  flowing 
together,  or  past  each  other,  and  thus  sustaining  outward  gradients 
throughout  the  strata  taken  vertically.  In  the  case  of  the  low  area  the 
vectors  are  aU  directed  inward  from  bottom  to  top  on  each  of  the  circles, 
and  there  are  no  outward  components  such  as  Professor  Ferrel  supposed 
to  exist  in  the  upper  strata.  Hence  the  evidence  is  conclusive  against 
the  commonly  accepted  theory  of  convectional  circulation  in  cyclones. 
To  explain  the  nature  of  this  kind  of  vortex  motion  would  carry  us  be- 
yond the  scope  of  this  paper,  but  it  is  evidently  of  that  mathematical  type 
of  forced  circulation  which  connects  a  magnetic  whirl  with  the  electric 
current  through  it,  with  continuous  absorption  of  energy  towards  the  cen- 
tre. The  preliminary  application  of  this  theory  to  the  data  in  hand  promises 
to  give  us  an  interesting  and  probably  satisfactory  theory  of  the  subject. 
l^he  diagrams  show  that  the  stratum  of  maximum  free  activity,  that  is 
aside  from  the  eastward  drift,  is  in  the  cumulus  region ;  that  the  anticy- 
clone precedes  in  size  and  energy  the  development  of  the  cyclone ;  that 
horizontal  currents,  which  seek  to  flow  past  each  other,  set  up  a  true  vor- 
tex at  the  centre ;  that  this  discharges  down  and  draws  in  material  from 
above,  much  as  an  electric  fan  sets  in  motion  a  long  column  of  air,  and 
thus  causes  the  sinuous  deflection  in  the  upper  strata;  that  two  adjacent 
highs  by  their  counterflow  produce  a  cyclonic  couple,  rotate  the  air  about 
a  centre  and  force  upwards  a  continuous  column,  to  be  discharged  within 
the  fast  moving  upper  strata,  and  there  to  be  aimlessly  dissipated ;  that 
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latent  heat  or  local  overheating  at  the  surface  may  assist  this  movement, 
but  is  not  essential  to  itj  that  long  horizontal  counterflows,  due  prima- 
rily to  Interchange  in  the  cumulus  stratum  between  the  warm  air  of  the 
tropics  and  the  cold  air  of  the  polar  zones,  are  the  primary  forces  con- 
cerned. The  functional  relation  between  vertical  and  horizontal  compo- 
nents is  that  of  the  curl,  lilce  the  cross  connection  between  electric  current 
and  magnetic  whirl. 


A  FUEL  COMBUSTION  BOMB.    By  C.  L.  NoKTON,  Bostou,  Mass. 

The  paper  describes  a  modified  Berthelot  bomb.  It  consists  of  two 
hemispherical  shells  screwed  together  by  a  nut.  All  parts  of  the  appa- 
ratus are  composed  of  aluminum  bronze.  No  interior  lining  is  used  as 
the  bronze  is  not  acted  upon  by  the  oxygen  at  the  temperature  of  the 
explosion.  Particular  attention  is  called  to  the  method  of  constructing 
the  valves  and  joints.  It  is  hoped  the  bomb  will  prove  suitable  for 
purely  technical  as  well  as  scientific  uses. 


On  the  use  of  window  glass  having  a  diffusive  action  on  light. 
By  C.  L.  Norton,  Boston,  Mass. 

The  action  of  a  window  glass  having  an  irregular  or  uneven  surface 
in  difl\ising  light  throughout  a  room  has  been  the  subject  of  a  lengthy 
research.  Comparison  has  been  made  between  the  Intensity  of  light  in 
the  corresponding  parts  of  two  similar  rooms,  glazed  with  different  kinds 
of  window  glass.  It  is  found  that  the  action  of  a  ribbed  or  corrugated 
glass  is  to  prevent  the  strong  light  from  the  sky  IVom  falling  upon  the 
floor  near  the  window  and  to  cause  the  light  to  be  spread  throughout  the 
entire  room. 


A    DEVICE    FOR    RECORDING     PHOTOMETER      SETTINGS.      By      ChARLES     P. 

Matthews,  Lafayette,  Ind. 

In  the  ordinary  photometric  process  there  occurs  between  successive 
settings  a  considerable  interval,  in  which  a  reading  of  the  bar  is  taken 
and  recorded,  either  by  the  observer  or  an  assistant.  Various  expedients 
for  reading  the  bar  are  resorted  to,  as,  for  example,  the  use  of  a  hand 
mirror  to  reflect  a  beam  of  light  fronx  one  of  the  sources  or  the  turning 
on  of  a  glow  lamp.  These  methods  are  not  free  from  objection.  The 
sudden  influx  of  light  produces  in  the  observer  fatigue  of  the  retina  and 
of  the  pupillary  muscles  and  there  is  a  consequent  loss  of  visual  sensi- 
tiveness. Furthermore,  when  it  is  a  question  of  the  photometry  of  a 
fluctuating  source,  the  infrequency  and  irregularity  of  the  readings  are  a 
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drawback.  In  arc-light  photometry  the  illumination  of  the  photometet 
disk  is  a  shifting  quantity.  Some  means  of  recording  a  setting  as  soon 
as  made,  thus  allowing  the  observer  to  proceed  to  a  subsequent  setting 
without  interruption  or  the  necessity  of  removing  his  gaze  from  the 
photometer  screen,  would  seem  likely  to  yield  more  satisfactory  results, 
with  a  considerable  economy  in  time. 

In  the  course  of  experiments  on  the  alternating  arc  the  writer  has  used 
a  recording  drum.  A  cylinder  of  wood  10  cm.  in  diameter  and  about 
1.6  m.  in  length  is  mounted  with  its  axis  parallel  to  and  somewhat  below 
the  top  of  the  photometer  bar.  At  the  end  of  a  spring  attached  to  the 
photometer  carriage  a  steel  point  projects  downward  nearly  to  the  sur- 
face of  the  cylinder.  A  rod  extends  the  length  of  the  cylinder  and  carries 
at  one  end  a  pawl  which  engages  the  teeth  of  a  ratchet  wheel  at  the 
cylinder  end.  The  act  of  depressing  sharply  the  rod,  advances  the  cylin- 
der a  certain  angular  amount  and  punctures  the  paper  by  means  of  the 
steel  point. 

For  identifying  the  records  two  methods  suggest  themselves.  The 
point  may,  at  the  close  of  the  measurements,  be  placed  over  each  punc- 
ture successively  and  the  corresponding  reading  taken  from  the  bar,  or 
the  paper  covering  the  cylinder  may  be  ruled  and  marked  in  the  same 
manner  as  the  bar  itself,  when  the  settings  may  be  read  directly  from  the 
paper.  This  latter  has  the  advantage  of  making  a  permanent  record. 
It  is  not  necessary  to  have  the  cylinder  of  a  length  greater  than  h  to  ^ 
the  length  of  the  bar.  When  mounted  on  the  bar  In  the  manner  shown 
it  can  be  moved  so  as  to  accommodate  a  widely  fluctuating  series  of 
readings.  If  it  is  desired  to  refer  the  readings  to  time,  a  battery  circuit 
may  be  arranged  so  that  contact  between  the  rod  and  the  spring  will  give 
a  ben  signal.  Two  additional  observers  are  then  necessary ;  one  to  call 
and  one  to  record  time.  For  a  single  observer  to  take  readings  referred 
to  time  the  drum  must  be  turned  at  a  known  rate  by  menus  of  a  clock- 
work. This  is  not  a  difficult  matter  to  arrange.  When  it  is  desired  to 
make  a  large  number  of  settings  without  regard  to  their  sequence  the 
device  may  be  used  with  the  pawl  lifted.  If  two  impressions  of  the 
point  are  superimposed  the  appearance  of  the  puncture  usually  reveals 
the  fact. 

The  records  obtained  possess  the  natural  advantages  peculiar  to  graph- 
ical results.  The  apparatus  lends  itself  admirably  to  the  study  of  per- 
sonal error  as  any  peculiarities  are  at  once  manifest,  while  the  observer's 
ignorance  of  his  settings  precludes  bias.  Some  interesting  personal 
records  have  been  obtained  and  will  be  included  in  a  later  report. 


NOTK   ON   KFFBCT  OF  SIIJCON  ON  PERMKABIMTY  OF  CAST  IRON.      By  Prof . 

F.  O.  Caldwell,  Ohio  State  University,  Columbus,  Ohio. 

This  paper  gives  the  results  of  tests  made  by  J.  M.  Hippie  and  S.  R. 
Hewitt  under  the  direction  of  the  writer.  Eleven  samples  of  Rockford 
and  fourteen  of  Bessemer  cast  Iron  were  tested  in  bars  fx64  inches, 
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ilsing  Swing's  double  yoke  method.  The  variation  of  silicon  was  obtained 
by  the  addition  of  silvery  iron. 

The  results  show  that  the  reluctivity  is  decreased  with  the  addition  of 
silicon,  following  a  straight  line  law  between  1.8  and  4.6%  for  B=  2000 
and  B  =  5000  and  between  1.8  and  3.5%  up  to  8000;  at  this  density,  higher 
silicon  seems  to  make  little  difference.  In  the  samples  tested  the  variation 
of  H  for  one  per  cent  of  silicon  was  as  follows  :— 

Density  2,000  5,000  7,000  8,000 


Rockford 

5.5 

7.8 

18.2 

19.0 

Bessemer 

3.7 

9.3 

14.1 

20.8 

Also  a  few  tests  made  on  Clinton  Iron  agree  in  general  with  the  above. 


On  the  brightnkss  of  pigments  by  oblique  vision.    By  Prof.  Frank 
P.  Whitman,  Cleveland,  Ohio. 

The  pigments  studied  were  chosen  from  the  colored  papers  Issued  by 
the  Milton  Bradley  Company  of  Springfield,  Mass.  They  were  compared 
by  the  flicker  method  with  a  white  surface  Illuminated  by  a  standard 
light. 

Measurements  were  made  at  angles  of  0,  30,  50  and  70  degrees  from  the 
optic  axis.    The  conditions  were  about  as  in  ordinary  photometric  work. 

Tlie  general  results  found  were  that  the  colors  of  long  wavelengths 
(reds  and  yellows)  decreased  regularly  in  brightness,  while  those  of  short 
wave-lengths  (greens  and  blues)  increased  regularly  as  the  angular  dis- 
tance from  the  optic  axis  increased.  A  pigment  was  found  lying  between 
yellow  and  green  in  color,  which  maintained  the  same  brightness  at  ail 
obliquities. 


A  method  of  making  very  small  rods  of  antimony  and  bismuth 
FOR  A  thermopile.    By  RoMYN  Hitchcock,  New  York,  N.  Y. 

The  metal  is  pulverized  and  placed  in  a  glass  tube,  which  is  then  heated 
and  drawn  out.  The  molten  metal  fills  the  flue  tubes  thus  formed.  The 
glass  is  dissolved  away  by  hydrofluoric  acid. 


Some   measurements    of   dielectric    strength.     By    Prof.  Thomas 
Gray.  Terre  Haute,  Ind. 

These  measurements  were  made  on  a  number  of  solid  and  liquid  sub- 
stances for  the  double  purpose  of  determining  the  strength  and  whether 
the  ratio  of  strengtli  to  thickness  is  constant.    Some  experiments  were 
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also  made  on  the  dielectric  strength  of  air  for  the  purpose  of  finding 
whether  the  results  of  measurements  with  alternating  E.  M.  F.  agree  with 
the  older  results  obtained  by  electrostatic  methods.  In  these  experiments 
an  alternating  £.  M.  F.  following  approximately  the  sine  law  was  used. 
The  frequency  was  about  8000  complete  cycles  per  minute.  The  E.  M.  F. 
was  transformed  up  from  one  thousand  volt  mean  E.  M.  F.  to  the  required 
value  by  means  of  a  series  of  four  ring  transformers  each  containing  two 
primaries  and  ten  secondaries.  The  ratio  of  transformation  when  all  the 
secondaries  were  used  was  100.  The  maximum  E.  M.  F.  obtainable  was 
thus  about  140,000  volts.  A  series  of  transformers  has  some  advantages 
over  a  single  transformer  in  that  there  Is  a  smaller  difference  of  potential 
between  the  terminals  of  each  one  and  also  that  when  less  than  the  whole 
series  is  applied  to  the  sample  those  not  used  act  by  their  inertia  to  pre- 
vent excessive  current  flowing  through. 

The  results  showed  that  the  general  rule  is  a  variable  ratio  between 
thickness  and  strength.  The  strength  of  air  for  alternating  currents  is 
almost  identical  with  that  indicated  by  the  electrostatic  experiments  of 
Kelvin,  De  la  Rue,  Bailie  and  Freyberg. 

The  following  short  table  indicates  the  values  obtained  for  a  number  of 
substances.  In  the* case  of  oils  no  attempt  is  made  to  give  the  effect  of 
thickness  of  layer.  The  strength  of  the  oil  varied  very  much  during  the 
test  and  hence  the  results  are  to  be  taken  as  only  rough  approximations : 


i 

i 

b 

00 

- 

i. 

ii 

STRENGTH 
IN  KILO- 
VOLTS  PER 
CM. 

00 

Ii 

5  ' 

STRENGTH 
IN  KILO- 
VOLTS  PER 
CM. 

Mica 

0.001 

2000 

0.10 

610 

Empire  cloth 

0) 

.033 

165 

0.23 

111 

(C                      (( 

(2) 

.02 

210 

0.80 

117 

t*              t( 

(3) 

.04 

145 

0.40 

97 

Empire  paper 

0.013 

450 

0.066 

256 

Paraffined  paper 

from  400  to  600  kllovolts  and*  nearly  constant. 

Hard  rubber 

.10 

640 

0.20 

430 

Soft  rubber 

.064 

492 

.25 

340 

Crystal  glass* 

.100 

285 

.60 

168 

Window  glass 

\ 

.200 

160 

— 



Fuller  board 

.025 

234 

.176 

208 

Air 

.02 

56.5 

1.00 

29.8 

1  This  Ib  a  trade  name  for  a  kind  of  glnsB  uaed  for  lantern  slide  coyer  plates.     The 
glass  does  not  contain  lead  as  the  name  mi^ht  Imply. 


Digitized  by 


Google 


136  SECTION   B. 


A  NBW  INSTRUMENT  FOR  THB  MRASUREBfENT  OF  THE  INTENSITY  OF  SOUND. 

By  Prof.  A.  G.  Webster  and  Dr.  B.  F.  Sharpe,  Worcester,  Mass. 

One  mirror  of  a  Mlchelson  ref  ractometer  Is  fixed  to  the  center  of  a 
circular  plate  provided  with  a  resonator.  By  a  stroboscopic  method  the 
displacement  of  the  fringes  is  measured,  when  the  plate  is  acted  upon  by 
sound.  The  motion  of  the  fringes  is  also  recorded  by  photography,  and 
in  this  manner  the  constants  of  the  instrument  necessary  for  reduction 
to  absolute  measure  are  obtained. 


A  NEW  CHRONOGRAPH   AND  A  MEANS  OF  RATING  TUNING-FORKS.      By  Prof. 

A.  G.  Webstek,  Worcester,  Mass. 

A  CHRONOGRAPH  driven  by  a  small  electric  motor  of  special  construction 
whose  speed  is  governed  at  each  revolution  by  a  current  interrupted  by  a 
tuning-fork.  By  using  different  forks  and  allowing  the  clock  to  regis- 
ter, the  number  of  vibrations  can  be  counted  with  great  accuracy. 


A  GEOMETRICAL  METHOD   FOR  INVESTIGATING   DIFFRACllON  BY  A  CIRCUIAR 

APKRTUHE.    By  Prof.  A.  G.  Webster,  Worcester,  Mass. 

By  plotting  the  definite  Integrals  involved  in  this  problem,  a  spiral 
similar  to  Cornu's,  but  having  cusps,  is  obtained. 


A  LKCTU RE-ROOM  EXPERIMENT  IN  ELECTROSTATICS.       By  W.  S.    FRANKLIN, 

South  Bethlehem,  Pa. 

This  experiment  demonstrates  the  instability  of  electrically  charged 
liquid  films.  Melted  rosin  is  poured  from  an  electrically  charged  ladle 
having  a  sharp  lip.  The  rosin  is  projected  in  very  fine  jets,  which  cool 
and  form  extremely  fine  fibres  which  float  about  in  the  air. 


The  EFFECT  OF  FIBROUS  STRUCTURE  IN  IRON  ON  ITS  CHANGE  IN  LENGTH 

WHEN  MAGNETIZED.    By  E.  Rhoads«  Baltimore,  Md. 

The  experiments  described  in  this  paper  have  for  their  object  the  deter- 
mination of  the  effect  which  the  grain,  or  flbrous  structure  of  sheet  iron, 
exerts  upon  its  changes  in  length  due  to  magnetization.  Strips  8x91.5 
cm.  were  cut  from  a  long  sheet  of  transformer  iron  0.086  cm.  thick,  par- 
allel with,  and  at  right  angles  to,  its  length.  These  were  bent  into  tubes 
around  a  bar,  and  measurements  were  made  of  the  changes  in  length  of 
each  when  subjected  to  a  uniform  magnetic  field  in  the  direction  of  its 
length. 
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HT6TRRB8IS    LOSS  IN  IRON  FOR  VERY  SMALL  RANGES  OF  INDUCTION.      By 

Henry  S.  Wkbb,  Soath  Bethlehem,  Pa. 

The  hysteresis  loss  in  a  sample  of  annealed  iron  wire  was  determined 
for  very  low  values  of  indaction  by  the  method  of  W.  S.  Franklin. 
(Physical  Review  II,  466). 

[To  be  published  in  the  Physical  Review.] 


On  a  NORMAL  CURVE  OF  MAGNETIZATION    OF     IRON.      By    S.     S.    ClAHK, 

South  Bethlehem.  Pa. 

The  curve  of  B  and  H  for  a  soft  iron  wire  was  determined  under  the 
following  conditions,  viz. :  The  iron  was  put  through  the  process  of 
demagnetization  by  reversals  while  various  constant  values  of  H  were 
acting  and  the  final  value  of  B  determined.  Also  the  values  of  B  were 
measured  after  violent  vibration.  The  object  wjis  to  determine  a  poten- 
tial energy  function  of  magnetization. 

[This  paper  will  be  published  in  the  Physical  Review.] 


A    STUDY  OF  STANDARD  METER  SCALES    RULED    ON    NICKEL,    SILVKR    AND 

GLASS.    By  Prof.  D.  C.  Miller,  Cleveland,  Ohio. 


An  harmonic  piano  and  organ.     By  Levi  Orser,  Boston,  Mass. 


Exhibit  of  an  automatic  mercurial  air  pump  designed  by  Prof.  E.  W. 
MORLBY.    By  Prof.  D.  C.  Miller,  Cleveland,  Ohio. 


An  improved  method  for  rating  tuning  forks.    By  J.  O.  Reed,  Ph.D., 
Ann  Arbor,  Mich. 


Study  of  bi^astic  fatigue  by  the  time  variation  of  the  logarithmic 
decrement.     By  Prof.  J.  O.  Thompson,  Amherst,  Mass. 


Photographic  studies  of  the  electric  arc.    By  N.  H.  Brown,  Ithaca, 
N.  Y. 
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On  the  mkasurkmknt  of  electrical  oscillations  of  short  pkriod  and 
THEIR  absorption  BY  WATER.  By  Piof.  A.  D.  CoLR,  Granville, 
Ohio. 


The  effect  of  the  secondary  on  the  period  of  oscillation  in  a 
PRIMARY  CONDENSER  CIRCUIT.     Bv  J.  H.  Smith,  Ithaca,  N.  Y. 


An  ACOUSTICAL  MICROMETER.    By  J.  O.  Rebd,  Ph.D.,  Ann  Arbor,  Mich. 


An   INSTRUMENT   FOR  MEASURING   RADIANCE.      By  Prof.  KNUT   ANOSTROM, 

Upsala,  Sweden.    Exhibited  by  E.  S.  Perry,  Ph.D. 


Note  on  the  testing  of  optical  glass.    By  Prof.   W.   S.   Franklin, 
South  Bethlehem,  Pa. 


Polarization  in  the  Zn— H2SO4   cell.    By  Prof.   W.  A.  Anthony, 

Cooper  Union,  New  York,  N.  Y. 

The  purpose  of  the  experiments  described  in  this  paper  is  to  show  the 
real  cause  of  what  is  called  polarization  in  the  ordinary  single  fluid  cells. 

The  cells  experimented  with  were  so  constructed  that  air  could  be  ex- 
cluded, and  provision  was  made  for  passing  gases  through  tliem,  the 
gases  bubbling  through  the  liquid  and  escaping  by  a  tube  that  ended  under 
water. 

A  Zn  ■—  H^S04  —  Cu  cell  gave  when  first  set  up  1.03  volts.  The  circuit 
was  closed  through  a  resistance  of  three  ohms,  which  was  about  the  in- 
ternal resistance  of  the  cell.  On  opening  the  circuit  the  E.  M.  F.  was  0.58 
volt,  but  rapidly  increased  to  1.02.  Repeating  the  experiment,  allowing 
the  circuit  to  remain  closed  for  some  time,  recovery  was  less  rapid  but 
was  greatly  hastened  by  shaking  the  cell,  or  by  agitating  the  liquid  by 
allowing  an  inert  gas,  as  hydrogen  or  nitrogen,  to  bubble  through  it. 

This  is  a  very  well  known  fact,  and  the  explanation  usually  given  is 
that,  when  the  circuit  is  closed,  hydrogen  accumulates  on  the  copper,  pro- 
ducing a  counter-E.  M.  F.,  which  is  so  much  to  be  subtracted  from  the 
assumed  normal  E.  M.  F.  of  the  cell.  It  is  further  explained  that  agita- 
tion of  the  liquid  washes  off  this  hydrogen  and  so  removes  the  cause  of 
the  reduction  of  the  E.  M.  F. 
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The  circuit  of  the  cell  referred  to  above  was  closed  for  fourteen  hours 
through  an  external  resistance  of  three  ohms,  hydrogen  gas  slowly 
bubbling  through  it  during  the  time.  On  openinjr  the  circuit  the  E.  M.  F. 
was  0.63  volts.  There  was  no  recovery  of  E.  M.  F.  with  circuit  standing 
open.  Agitation  of  the  liquid  produced  no  change.  Hydrogen  and  nitro- 
gen were  passed  through  the  cell  slowly  and  rapidly,  but  produced  no 
change.  The  E.  M.  F.  remained  fixed  at  0.53  volt.  Substituting  oxygen 
for  the  hydrogen,  the  E.  M.  F.  instantly  increased,  and  in  ten  seconds  had 
reached  1.01  volts.  In  ten  minutes  it  was  1.04  volts.  The  cell  then  be- 
haved like  a  freshly-set-up  cell,  recovering  its  E.  M.  F.  quickly  after  its 
circuit  had  been  closed  for  a  short  time,  and  falling  to  recover  only  after 
being  kept  in  operation  several  hours,  air  being  excluded. 

These  experiments  demonstrate  that  the  high  E.  M.  F.  given  by  the 
cell  when  first  set  up  is  due  to  the  oxygen  dissolved  in  the  liquid,  thereby 
coming  into  electrical  contact  with  the  copper  plate,  so  that  that  copper 
plate  is,  in  its  relation  to  the  electrolyte,  really  an  oxygen  plate,  active  in 
relation  to  the  hydrogen  ions  just  as  the  other  electrode,  zinc,  is  active 
in  relation  to  the  SO 4  ions.  The  E.  M.  F.  of  the  cell  is  the  sum  of  the 
E.  M.  F.'s  dae  to  these  two  activities. 

The  reduced  E.  M.  F.,  due  to  the  operation  of  the  cell,  is  not  due  to 
the  accumulation  of  hydrogen  on  the  copper,  but  to  the  exhaustion  of  the 
oxygen  from  the  liquid  immediately  in  contact  with  the  copper.  The 
gradual  increase  in  E.  M.  F.  while  standing  on  open  circuit  is  due  to 
the  dlfihsion  of  the  liquid,  and  the  rapid  increase  produced  by  agitation  is 
due  to  bringing  fresh  liquid  containing  oxygen  quickly  into  contact  with 
the  copper. 

A  zinc-carbon  cell,  from  which  air  had  been  as  thoroughly  as  possible 
removed  by  boiling,  showed  a  drop  in  E.  M.  F.  to  0.62  volt  after  the  cir- 
cuit had  been  closed,  and  the  recovery  even  at  first  was  very  slow.  Run- 
ning oxygen  through  the  cell  raised  the  E.  M.  F.  very  quickly  to  1.22 
volts. 

A  zinc-platinum  cell  gave  0.77  volt  after  having  its  circuit  closed. 
Even  after  the  circuit  had  been  closed  for  several  hours,  the  E.  M.  F., 
measured  a  minute  or  two  after  opening  the  circuit,  was  nearly  the 
same.  But  on  arranging  the  apparatus  to  measure  the  E.  M.  F.  imme- 
diately opon  opening  the  circuit,  it  was  found  to  be  only  0.64  volt,  practi- 
cally the  same  as  the  E.  M.  F.*s  of  the  zinc-copper  and  the  zinc-carbon 
cells. 

LeBlanc  and  others  have  stated  that  platinum  is  an  inert  metal  and 
that  the  E.  M.  F.  0.77  volt,  given  by  a  zinc-platinum  cell,  is  the  E.  M.  F. 
that  would  be  obtained  if  a  pure  hydrogen  plate  could  be  used  as  the  pos- 
itive electrode. 

The  above  experiment  shows  that  a  platinum  plate  charged  with  hydro- 
gen gives  only  0.54  volt.  The  higher  B.  M.  F.  of  0.77  volt  is  due  to  the 
fact  that  platinum  is  not  inert,  but  by  its  attraction  for  hydrogen  ions 
withdraws  these  from  the  solution,  thereby  raising  its  own  potential 
above  that  of  the  liquid. 
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Introducing  oxygen  into  the  zinc-platinum  cell  raises  the  potential 
quickly  to  1.68  volts.  That  this  is  higher  than  the  E.  M.  F.  of  the  zinc- 
copper  or  the  zinc-carbon  cell.  Is  because  of  the  well-lcnown  condensation 
of  oxygen  upon  the  platinum,  whereby  it  is  brought  into  more  active  re- 
lation to  the  hydrogen. 

As  a  result  of  all  these  experiments  it  is  apparent  that  the  E.  M.  F.  of  a 
zinc-hydrogen  couple  Is  about  0.62  volt.  If  oxygen  could  be  completely 
removed  from  the  liquid  and  from  the  surface  of  the  copper  or  carbon 
electrode,  the  cell  on  being  set  up  would  give  only  that  B.  M.  F.  Cop- 
per and  carbon  are,  therefore,  Inert  electrodes;  while  platinum,  by  its 
attraction  for  the  hydrogen,  furnishes  an  active  force  that  raises  the 
E.  M.  F.  0.26  volt  higher. 


On  certain  formulae  relating  to   continuous   current   blkctsic 
ARC  LIGHTS.     By  Prof.  Wm.  Harknbss,  U.  S.  N.,  Washington,  D.  C. 

The  variable  elements  In  an  arc  lamp  are:  1st,  the  energy  resulting 
from  the  drop  of  potential  between  the  carbons,  which  is  most  con- 
veniently measured  in  watts ;  2d,  the  diameters  of  the  carbons.  3d,  the 
interval  between  the  carbons,  or,  in  other  words,  the  length  of  the  arc; 
and,  4th,  the  quality  of  the  carbons.  As  the  length  of  the  arc  Is  automatic- 
ally adjusted  by  the  lamp,  and  the  quulity  of  the  carbons  is  determined  by 
the  processes  employed  in  their  m.nnufacture,  we  may  confine  our  atten- 
tion to  the  diameters  of  the  carbons  and  the  energy  developed  between 
them. 

In  any  continuous  current  arc  lamp,  let  M  be  the  maximum  Intensity  of 
the  light  emitted  when  the  current  consumed  is  W  watts,  and  the  diam- 
eter of  the  carbons  is  d  millimeters.  Then,  according  to  the  experiments 
of  Max  Schreihage,  made  in  1888,  when  W  is  constant  M  is  inversely 
proportional  to  d,  within  rather  wide  limits.  As  the  most  obvious  efl*ect 
of  d  is  upon  the  current  density  of  the  arc,  we  may  assume  tentatively 
that  when  the  said  density  remains  constant  M  is  directly  proportional  to 
W.  In  that  case  d  must  vary  as  the  square  root  of  IT,  and  therefore  we 
must  have 

^       n  IT*  (1) 

where  n  is  a  constant  to  be  determined  by  experiment. 

As  Schreihage's  result  cannot  be  regarded  as  absolutely  conclusive,  it 
seemed  desirable  to  determine  both  n  and  the  exponent  of  W  by  experi- 
ment, and  for  that  purpose  the  tests  of  arc  lamps  made  at  the  Paris  Ex- 
position of  1881  have  been  employed.  These  tests  were  made  on  thirteen 
lamps,  but  one  of  them  was  Incomplete.  The  remaining  twelve  show 
values  of  W  ranging  from  421  to  6788  watts,  and  values  of  3f  ranging 
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from  72  to  1960  carcels,  and  from  a  careful  least  square  discussion  of 
them  all  they  were  found  to  be  best  represented  by  the  forroulie 

M  =  0.0676  (1  ±  0.068)  -iL—  carcels.  (2) 

a 

As  I  am  not  aware  of  any  other  series  of  tests  giving  so  great  a  range 
of  W,  the  exponent  of  that  quantity  here  found  was  accepted  as  final  for 
the  remainder  of  this  investigation,  and  it  was  sought  to  improve  the 
value  of  n  by  means  of  the  tests  of  arc  lamps  made  at  the  Antwerp  Ex- 
position of  1886.  These  tests  were  twenty-eight  in  number,  but  for  vari- 
ous reasons  I  have  rejected  three  of  them.  The  remaining  twenty-five 
show  values  of  IT  ranging  from  164  to  983  watts,  and  values  of  Jlf  ranging 
from  62  to  667  carcels.  and  they  give 

M  =  0.0769  (1  ±  0.0208)  -iL-—  carcels.  (3) 


M  =  0.6829  (1  ±  0.0208)  K—  English  candles.  (4) 

d 

d 
Watts  per  carcel  =  13.18  (1  ±  0.0208)  —  cTeb  (5) 

d 
Watts  per  candle  =  1.464  (1  ±  0.0208)  -^rorio  /gN 

The  probable  error  of  representing  any  one  of  the  observed  values  of 
3f  by  formulro  (3)  or  (4)  is  10.4  per  cent. 

So  far  ns  I  know,  the  only  other  tests  available  for  determining  the 
value  of  n  are  those  made  by  Mr.  L.  B.  Marks,  at  Cornell  University,  in 
1890.  They  are  seven  in  number;  in  them  TF=405  and  646  watts,  M 
ranges  from  70  to  131  carcels,  and  they  give 

M  =  0.0802  (1  ±  0.0888)  2!__  carcels.  (7) 

The  numerical  values  of  n  given  in  formulae  .(2),  (3)  and  (7)  should 
probably  be  regarded  as  an  indication  of  the  quality  of  the  carbons  em- 
ployed; and,  if  so,  there  was  evidently  a  great  improvement  between  1881 
and  1885,  and  very  little  between  1886  and  1890.  Until  further  experi- 
ments are  made,  formulae  (3)  to  (6)  should  doubtless  be  adopted  to  the 
exclusion  of  (2)  and  (7). 

If,  in  any  continuous  current  arc  lamp,  we  put  d  for  the  diameter  of  the 
carbons  in  millimeters,  and  W  for  the  strength  of  the  current  in  watts  = 
volts  X  amperes ;  then  average  practice  respecting  the  diameters  of  the 
carbons  can  be  well  represented  by  an  empirical  expression  of  the  form 

d  =  m  \/fr  (8) 
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For  m,  I  find  the  following  values  from  the  sources  specified : 

Tests  at  the  Paris  Exposition  of  1881,  m  =  1.314  ±  0.0306 

Tests  at  the  Antwerp  Exposition  of  1885,  1.615  ±  0.0237 

Tested  by  L.  B.  Marks  in  1890,  1.631  ±  0.0394 

Light  on  Eiflfel  Tower,  Paris,  1889  (7000  watts),  1.516 

Hanstholm  Light-house,  Denmark  (9000  watts),  1.638 

Washington  street  lamps,  before  1896,  1.472 

Washington  street  lamps,  since  1897,  1.682 

The  whole  probable  range  is  covered  by  the  formulae 

3 

d  =  (1.52  ±  0.16)  Vc Watts)  (9) 

For  the  light  emitted  by  any  continuous  current  arc  lamp,  let  H  =  the 
horizontal  Intensity,  M  =  the  maximum  Intensity,  8  =  the  mean  spherical 
Intensity.  Then,  in  accordance  with  the  empirical  formulae  Introduced 
by  G6rard  In  1881,  and  now  generally  accepted  by  electrical  engineers, 

S  =  i  H  -\-  i  M  (10) 

and  if  we  put 

M 

we  shall  have 


ir  =  » 


S  =  H  "^^  =  M  !L±-'  (11) 

4  4  n  ^    ' 

M  =  S  -^,  =  Hn  (12) 

H  =  S  —^  =  M~  (13) 

From  the  flfty-slx  lamps  tested  respectively  at  the  Paris  Exposition  of 
1881,  the  Philadelphia  Exposition  of  1884,  the  Antwerp  Exposition  of 
1885,  and  by  L.  B.  Marks  In  1890,  I  find 

n  =  --  =  2.416 

XZ 

and  the  substitution  of  that  value  In  the  expressions  (11)  to  (13)  gives  the 
following  results,  which  may  be  adopted  with  considerable  confidence  .- 

S  =  l.lOi  H  =  0.4570  M  (14) 

M  =  2.188  S  =  2.416  H  (15) 

H  =  0.9058  S  =  0.4139  M  (16) 
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A  STUDY  OF  GALVANIC  POLARIZATION.    By  Barry  MacNutt,  South  Beth- 
lehem, Pa. 

The  following  electrolytic  cells  were  set  up,  viz. :  Co  —  CuSO*  —  Cu, 
Ag—  AgNO,  —  Ag,  and  Zn —  ZUSO4  —  Zn,  and  their  galvanic  polari- 
zation was  determined  for  a  decreasing  series  of  currents,  the  object 
being  to  find  if  the  polarization  approaches  zero  with  the  current.  The 
results  seem  to  show  that  the  polarization  does  not  approach  zero  with 
current  and  that  the  process,  which  takes  place  In  an  electrolytic  cell 
when  Infinitesimal  current  passes.  Is  not  a  thermodynamlcally  reversible 
process. 

[This  paper  will  be  pablished  In  the  Physical  Review.] 


A  NEW  GAS.    By  Charles  F.  Brush,  Cleveland,  Ohio. 

The  purpose  of  this  purely  preliminary  paper  Is  to  announce  the  dis- 
covery of  a  new  gas;  presumably  elementary,  and  possessed  of  some 
extraordinary  properties.  It  Is  a  constituent  of  the  atmosphere,  and  Is 
occladed  by  many  substances.  Its  chief  characteristic  thus  far  ascertained 
Is  enormous  heat  conductivity  at  low  pressures.  In  order  to  appreciate 
this  phenomenon.  It  Is  necessary  to  consider  the  heat  conductivity  of  some 
of  the  well-known  gases. 

A  year  ago,  I  had  the  honor  to  read  before  this  Section  a  paper  on  the 
transmission  of  heat  by  gases,  and  Illustrated  by  numerous  curve  sheets 
showing  the  heat  conductivity  of  several  gases  at  all  pressures,  from  at- 
mospheric down  to  the  best  vacuum  obtainable ;  also  an  allied  paper  on 
the  measurement  of  small  gaseous  pressures.  Abstracts  of  these  papers 
appear  In  the  current  volume  of  Transactions,  and  their  full  text  Tnay  be 
found  in  the  Philosophical  Magazine  for  Jan.  1898,  and  Nov.  1897,  respect- 
ively. 

The  apparatus  used  for  the  described  experiments  In  heat  transmis- 
sion, consisted  in  part,  of  a  long-stemmed  thermometer  hanging  In  a  long- 
necked  glass  bulb,  the  bulb  of  the  thermometer  being  In  the  center  of  the 
glass  bulb.  Two  bulbs  were  used  for  different  experiments :  the  larger  one 
112  mm.  in  diameter,  the  smaller  one  only  20  mm.  A  tank  of  water  and 
crushed  ice  under  the  bulb  was  adapted  to  be  raised  when  desired,  so  as 
to  Immerse  the  bulb  In  the  cold  mixture.  The  neck  of  the  bulb  was  con- 
nected with  an  air  pump  capable  of  reducing  the  Internal  pressure  to  a 
very  small  fraction  of  a  millionth  of  atmospheric  pressure ;  also  with  an 
elaborate  pressure  gauge  adapted  to  measure  small  pressures  with  very 
great  precision,  and  a  barometric  gauge  for  measuring  larger  pressures. 

In  using  this  apparatus,  the  gas  to  be  tested  was  Introduced  at  atmos- 
pheric pressure ;  the  ice  tank  was  raised,  and  the  falling  temperature  of 
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the  thermometer,  which  could  lose  heat  only  by  radiation,  condaction  and 
convection  through  the  surrounding  gas,  was  observed  through  a  telescope* 
The  time  required  for  the  temperature  to  fall  through  a  given  range,  usu- 
ally from  15®  to  10^  Centigrade,  was  carefully  noted.  Then  the  ice  tank 
was  lowered,  permitting  the  thermometer  to  regain  the  temperature  of  the 
laboratory;  some  of  the  gas  was  pumped  out,  and  the  cooling  of  the  ther- 
mometer again  observed  at  this  reduced  pressure.  This  process  was  re- 
peated many  times,  until  the  pressur^  was  reduced  to  the  lowest  point 
attainable. 

The  results  obtained  with  each  gas  were  plotted  in  a  curve  showing  Its 
heat  conductivity  at  all  pressures  from  atmospheric  down'5  the  ordinates 
representing  the  reciprocals  of  the  time  of  cooling  In  seconds,  while  the 
abscissas  represented  the  pressure. 

The  present  chart  shows  curves  representing:  the  heat  conductivity  of 
several  gases,  from  flfty  milllonths  of  atmospheric  pressure  downward. 
The  data  for  all  of  these  except  the  helium  curve,  are  taken  from  last 
year's  paper ;  but  the  scale  is  different. 

I  am  Indebted  to  Professor  Ramsay  for  the  helium  used  In  obtaining  the 
curve  here  shown. 

The  ordinates  of  each  curve  measured  from  A  B  &8  a  base  line,  repre- 
sent the  total  rate  of  heat  transmission  by  the  ether  and  the  gas  at  the 
pressures  Indicated  by  the  abscissas ;  while  ordinates  measured  from  the 
line  C  Z),  represent  the  heat  transmitted  by  the  gas  alone. 

It  will  be  observed  that  the  curve**  of  all  the  gases  named  vanish  to- 
gether at  the  point  of  zero  pressure  D.  Rtpeated  experiments  have  shown 
this  condition  to  be  always  strictly  true  within  the  narrow  limits  of  errors 
of  observation,  provided  that  before  the  introduction  of  the  gas  to  be 
tested,  the  whole  apparatus  has  been  kept  highly  exhausted  for  several 
days;  or,  better  still,  has  been  heated  several  hours  by  means  of  air  and 
water  baths,  while  kept  exhausted.  Without  one  of  these  precautions,  I 
was  never  able  to  get  any  gas  curve  quite  down  to  the  point  2>,  for  rea- 
sons which  will  appear.  The  point  D  represents  a  period  of  three  hundred 
seconds  required  for  the  temperature  of  the  thermometer  to  fall  from  15^ 
to  10°,  with  the  pressure  of  the  surrounding  gas  reduced  to  one  twenty 
millionth  or  less. 

A  very  brief  account  of  the  circumstances  which  led  to  the  discovery  of 
the  new  gas  may  not  be  out  of  place.  I  had  long  been  engaged  in  high 
vacua  experiments,  and  had  observed  that  glass  apparatus  when  highly 
exhausted  and  heated,  evolved  gas  for  an  indefinite  length  of  time— rap- 
idly at  first,  then  slower,  but  never  stopped  until  the  temperature  was  re- 
duced. On  cooling,  rapid  reabsorptlon  always  took  place,  but  was  never 
complete ;  indicating  that  two  or  more  gases  had  been  evolved  by  heating, 
one  of  which  was  not  absorbed  on  cooling.  In  other  words,  the  absorption 
was  selective.  The  truth  of  this  conclusion  was  abundantly  demonstrated 
subsequently.  However,  the  percentage  of  reabsorbed  gas  was  so  large, 
that  I  used  a  small  quantity  of  pulverized  glass  in  several  experiments,  to 
absorb  a  part  of  the  residual  gas  after  the  highest  attainable  exhaustion 
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was  reached.  The  pulverized  glass  was  always  lead  glass  like  that  of  the 
apparatus,  a»d  was  heated  uearly  red  hot  for  several  hours  before  and 
during  the  final  exhaustion. 

During  these  experiments  a  curious  phenomenon  was  noted ;  the  pul- 
verized glass  lost  its  snowy  whiteness.  This  I  thought  must  be  due  to  re- 
daction of  some  of  its  lead ;  probably  by  hydrogen  evolved  on  heating. 
If  so,  I  argued  that  the  hydrogen  must  have  been  absorbed  from  the  at- 
mosphere since  the  manufacture  of  the  glass ;  and  its  presence  in  the 
glass  if  proven,  would  be  a  long  step  toward  proving  the  normal  presence 
of  hydrogen  in  the  atmosphere. 

Following  the  line  of  experiment  thus  suggested,  I  prepared  a  quantity 
of  pulverized  soda  glass  free  from  lead,  and  placed  about  120  grammes  of 
it  in  a  large  combustion  tube  connected  with  the  apparatus  already  de- 
scribed. The  glass  was  made  from  an  old  stock  of  tubing,  and  was  of 
such  a  degree  of  fineness  that  it  all  passed  through  a  sieve  of  90  meshes  to 
the  linear  inch,  but  would  not  pass  through  a  140-mesh  sieve.  The  com- 
bustion tube  was  adapted  to  be  heated  by  a  gas  furnace  with  automatically 
regulated  gas  supply,  so  as  to  be  maintained  at  any  desired  temperature. 

While  prepared  to  make  analysis  in  the  usual  way,  of  the  gas  evolved 
by  the  pulverized  glass  in  case  it  appeared  in  sufficient  quantity,  I  relied 
chiefly  on  its  heat  conductivity  for  the  detection  of  any  large  proportion 
of  hydrogen  in  the  last  few  millionths,  not  being  prepared  at  that  time 
for  spectroscopic  examination ;  and  thinking  that  perhaps  some  hydrogen 
might  be  evolved  in  the  last  stages  of  exhaustion  before  heating,  I  tested 
the  conductivity  of  the  residual  air  from  time  to  time  as  the  preliminary 
exhaustion  progressed. 

When  the  exhaustion  approached  a  good  vacuum,  an  astounding  phe- 
nomenon developed.  At  36  millionths  pressure  the  residual  gas  conducted 
heat  twice  as  well  &s  air,  and  nearly  as  well  as  hydrogen ;  at  3.8  millionths 
it  conducted  seven  times  as  rapidly  as  hydrogen;  at  1.6  millionths,  four- 
teen times,  and  at  .96  of  one-millionth,  twenty  times  as  rapidly.  These  re- 
sults are  plotted  in  the  curve  e  f,  I  did  not  carry  the  exhaustion  lower 
than  .96  M.  At  this  pressure  the  time  of  cooling  of  the  thermometer  from 
16**  to  10°  was  only  177  seconds,  while  pure  hydrogen  would  have  required 
288  seconds. 

Evidently  a  new  gas  of  enormous  heat-conducting  capacity  was  pres- 
ent, mixed  with  the  last  small  portion  of  air.  It  must  have  come  from 
the  pulverized  glass,  and  probably  formed  only  a  small  fraction  of  the 
mixture.  The  last  cc.  of  gas  pumped  out  was  collected,  and  upon  sub- 
sequent analysis  of  it,  nothing  but  air  was  iound. 

The  discovery  of  the  new  gas  as  above  outlined,  was  made  nearly  a 
year  and  a  half  ago,  on  March  10,  1897.  On  the  following  day,  the  pres- 
sure had  increased  to  nearly  five  mllliooths ;  wliile  the  time  of  cooling  of 
the  thermometer,  instead  of  diminishing  as  usual  with  increase  of  pres- 
sure, had  raised  from  177  seconds  to  245  seconds,  showing  that  the  new 
gas  had  largely  disappeared.  This  was  subsequently  found  to  be  due  to 
absorption  by  the  phosphorous  pentoxide  used  in  desiccation. 
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LoDg-comiiiued  moderate  heating  of  the  pulverized  glass  caused  the 
evolution  of  some  air,  much  carbon  dioxide  and  hydrogen,  some  carbon 
monoxide,  and  more  of  the  new  gas.  The  selective  absorption  which 
occurred  on  cooling,  was  confined  almost  wholly  to  the  hydrogen  and  new 
gas.  After  further  moderate  heating  and  thorough  exhaustion,  I  raised 
the  temperature,  continued  the  exhaustion,  and  got  the  results  embodied 
in  the  curve  g  A,  showing  that  much  of  the  new  gas  was  present ;  the 
conductivity  at  .88  millionth,  the  last  station  in  the  curve,  being  twenty- 
seven  times  that  of  hydrogen.  Several  days  of  high  heating,  with  fre- 
quent exhaustion,  failed  to  deprive  wholly  the  pulverized  glass  of  its 
new  gas,  though  the  output  was  greatly  diminished.  For  this  and  other 
reasons,  I  believe  that  the  new  gas  resides  in  and  not  simply  on  the  sur- 
face of  glass. 

To  make  sure  that  the  apparatus  was  not  deceiving  me,  I  sealed  off  the 
combustion  tube,  heated  the  vacuous  parts  several  hours  by  means  of  air 
and  water  baths,  as  before  Indicated,  admitted  air  dried  over  phosphorous 
pcntoxide,  exhausted  stop  by  step,  and  got  the  data  for  the  **  small  bulb** 
air  curve  shown  here  and  in  last  year's  paper.  Evidently  I  had  not  been 
deceived  about  the  presence  of  a  new  gas  in  the  pulverized  glass.  I  sub- 
sequently exposed  this  lot  of  glass  several  days  to  the  atmosphere,  spread 
out  in  a  thin  layer.  When  tested  again  after  this  exposure,  it  yielded  the 
new  gas  both  btfore  and  after  heating,  as  freely  as  at  first.  This  reju- 
veuation  of  pulverized  glass  by  exposure  to  the  air,  was  fully  confirmed 
with  another  lot  made  from  common  window  glass ;  and  in  connection 
with  the  results  obtained  by  the  dlflhslon  of  air,  hereafter  described, 
leaves  no  room  for  doubt  that  the  new  gas  is  a  constituent  of  the  atmos- 
phere. 

Pulverized  glass  appears  to  begin  evolution  of  the  new  gas  as  soon  as 
the  atmospheric  pressure  is  reduced.  In  one  case,  while  making  a  slow 
preliminary  exhaustion,  I  tested  the  air  which  remained  when  the  pres- 
sure was  still  132  mm. ;  and  to  my  great  surprise,  found  it  contained  not 
only  a  trace,  but  a  considerable  quantity  of  new  gas.  The  amount  in- 
creased rapidly  as  the  pressure  was  further  reduced.  This  leads  to  the 
belief  that  finely  pulverized  glass  gives  up  the  greater  part  of  its  new 
gas  on  simple  reduction  of  pressure  to  a  low  point,  and  without  heating; 
somewhat  as  palladium  gives  up  occluded  hydrogen. 

Several  other  substances  than  glass  were  examined,  and  nearly  all 
found  to  contain  the  new  gas.  A  specimen  of  old  charcoal  made  from 
pine- wood  sawdust  by  long  exposure  to  a  bright  red  heat,  yielded  as  was 
expected,  comparatively  large  quantities  of  several  gases  when  heated  in 
vacuum.  At  some  stages  of  the  evolution  these  were  rich  in  the  new 
gas. 

It  would  seem  easy  in  such  cases  to  remove  the  diluent  gases  by  oxlda- 
tiop  and  absorption ;  but  it  is  not.  After  making  the  necessary  additions 
to  my  apparatus,  I  made  many  attempts  of  this  kind.  The  reagents  used 
were  in  large  excess  on  account  of  the  very  small  quantities  of  gas 
treated,  so  that  some  of  the  observed  results  may  have  been  due  to  im- 
parities.    Cupric  oxide  and  lead  chromate  evolved  gases  of  their  own 


Digitized  by 


Google 


148  SfiCTION   B. 

almost  indefinitely  on  liigh  licating  in  vucuum,  and  then  freely  absorbed 
carbon  dioxide  and  moisture  at  a  lower  temperature.  Soda-lime  dried  in 
vacuum  in  presence  of  phosphorous  pentoxide,  was  almost  indifferent  to 
carbon  dioxide.  All  the  reagents  named,  especially  phosphorous  pentoxide, 
absorbed  the  new  gas;  and  all  but  the  latter  gave  it  up  again  on  heating. 

A  specimen  of  very  line  white  slliclous  sand  when  heated  in  vacuum, 
gave  a  large  quantity  of  gas  consisting  principally  of  hydrogen  and  hy- 
drocarbons, with  a  considerable  amount  of  the  new  gas.  Some  of  this 
mixture  was  exposed  successively  to  the  action  of  red  hot  cupric  oxide, 
soda-lime,  and  phosphorous  pentoxide.  By  this  treatment  the  gases  were 
reduced  to  less  than  three  per  cent  of  their  former  volume.  The  residue 
was  not  very  rich  in  the  new  gas,  because  of  the  absorption  of  the  latter 
by  the  soda-lime  and  phosphorous  pentoxide,  as  I  afterwards  learned;  but 
I  have  shown  the  curve  o  p  of  Its  heat  conductivity,  because  the  pressure 
was  carried  to  a  lower  point  than  in  any  other  case.  At  the  last  station  in 
the  curve,  representing  a  pressure  of  .12  of  a  millionth,  the  conductivity 
was  equal  to  that  of  5.1  milUonths,  or  forty-two  times  as  much  hydrogen. 
From  this  it  seems  reasonably  certain  that  the  curve  e/,  if  carried  to  as 
low  a  pressure,  would  have  shown  a  conductivity  at  least  a  hundred  times 
greater  than  hydrogen.  And  yet  the  new  gas  in  that  experiment  must 
have  been  very  far  from  pure  on  account  of  the  continuous  evolution  of 
ordinary  gases,  as  shown  by  the  rise  of  pressure  and  loss  of  conductiv- 
ity during  the  next  few  hours. 

It  will  be  observed  that  when  the  new  gas  was  present,  the  form  of 
the  conductivity  curves  was  very  different  from  those  of  the  known  gases ; 
the  effect  of  the  new  gas  becoming  more  prominent  as  the  pressure  was 
reduced.  I  do  not  doubt  that  this  was  due  to  the  Interference  of  the 
heavier  and  slower-moving  molecules  of  the  ordinary  gases  always  mixed 
with  the  new  gas.  In  last  year*s  paper  I  described  the  same  effect  found 
in  a  mixture  of  carbon  dioxide  and  hydrogen.  When  the  new  gas  is  ob- 
tained in  a  state  of  purity,  I  expect  to  find  its  curve  of  heat  conduc- 
tivity similar  to  those  of  hydrogen  and  helium,  but  with  immensely  in- 
creased ordinates. 

Believing  that  the  new  gas  is  very  much  lighter  than  air  or  hydrogen, 
and  may  therefore  be  separated  from  the  atmosphere  by  successive  diffu- 
sions, I  have  spent  several  months  in  experiments  with  this  end  in  view. 
Quite  recently  my  efforts  have  been  crowned  with  most  promising  success. 
The  difficulty  has  been  to  find  a  suitable  porous  septum ;  one  free  from 
holes,  and  sufficiently  flne-gralned  to  prevent  more  than  a  very  slow  pas- 
sage of  air,  while  a  considerable  surface  is  exposed  (o  the  atmosphere  on 
one  side,  and  to  a  fairly  good  vacuum  on  the  other.  Many  substances  were 
tried.  India-rubber  gave  encouraging  results,  but  was  capricious,  and 
very  slow.  The  best  results  have  been  obtained  with  porous  porcelain 
having  its  superficial  pores  nearly  closed  by  suitable  treatment.  A  tube 
of  this  kind,  closed  at  one  end,  and  exposing  rather  more  than  five  square 
inches  of  surface  to  the  air,  was  connected  with  the  apparatus,  and  the 
whole  kept  exhausted  to  a  pressure  of  1.3  mm  About  19  cc  of  gas  was 
diffused  per  hour.    After  thirty -six  hours  the  diffusion  tube  was  shut  off, 
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the  exhaustion  contlnned,  and  data  for  the  curve  m  n  obtained.  It  was 
found  impracticable  to  carry  the  exhaustion  below  six  millionths  because 
of  the  presence  of  moisture,  which  interfered  with  the  action  of  the 
pump,  no  desiccating  agent  being  used.  As  both  phosphorous  pent- 
oxide  and  Moda-lime  absorb  the  new  gas,  they  cannot  be  used  for  desicca- 
tion. If  the  exhaustion  had  been  carried  as  far  as  in  the  curve  o  p,  it  is 
probable  thnt  h  higher  conductivity  than  in  that  curve  would  have  been 
shown ;  i.  e.,  a  conductivity  more  than  forty-two  times  that  of  hydrogen,  or 
something  lilvc  a  hundred  times  that  of  air.  Here  we  have  the  heat  conduc- 
tivity of  air  at  very  low  pressure,  increased  something  lil\e  a  hundred- 
fold by  one  diflfhsion.  I  have  not  yet  tried  a  secondary  diflfdsion,  but  feel 
confident  that  successive  diffbsions  of  air  will  afford  a  practicable  means 
of  obtaining  the  new  gns  in  a  state  of  approximate  purity. 

Now  let  us  discover,  if  possible,  the  meaning  of  the  extraordinary  heat 
conductivity  of  the  new  gas.  I  have  tabulated  the  molecular  weight, 
density,  specific  heat,  mean  molecular  velocity,  and  heat  conductivity  of 
hydrogen,  helium,  carbon  monoxide,  air,  and  carbon  dioxide,  which  are 
the  known  gases  represented  in  the  curve  chart.  For  easy  comparison, 
I  have  taken  not  only  the  density,  but  the  specific  heat,  mean  molecular 
velocity,  and  heat  conductivity  of  hydrogen  as  unity.  The  similarity  of 
values  in  the  fifth  and  sixth  columns,  for  molecular  velocity  and  heat 
conductivity,  is  striking.  On  the  chart,  the  curves  for  carbon  monoxide, 
air,  and  carbon  dioxide,  are  evidently  too  high  to  correspond  well  with  the 
relative  values  of  molecular  velocity  in  the  fifth  column;  but  these  curves 
represent  only  the  last  60  millionths  of  the  complete  curves.  By  follow- 
ing these  back  to  600  millionths,  which  is  still  a  rather  small  pressure, 
and  taking  their  values  at  intervals  of  10  millionths  from  no  pressure  up- 
ward, we  obtain  as  a  mean  of  all  these  values  for  each  gas,  the  quantities 
shown  in  the  sixth  column.  These  agree  fairly  well  with  the  molecular 
velocities. 

COMPARISON  OF  GASEOUS   PROPERTIES. 
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I  offer  the  suggestion  that  the  reUtirelj  high  conductivity  of  the  last 
three  gases  at  the  low  pressore  shown  in  the  chart,  is  due  to  the  disso- 
ciation of  some  of  their  molecales  by  nnobstracted  impact  on  the  walls 
of  the  containing  vessel ;  recombination  being  more  and  more  retarded 
as  the  pressure  is  lessened,  because  the  greater  separation  of  the  mole- 
cules reduces  the  frequency  of  collisions.  Helium,  perhaps  because  it  is 
monatomic  and  therefore  incapable  of  dissociation,  has  a  nearly  straight 
curve  like  hydrogen;  and  its  ratio,  given  in  the  sixth  column,  varies  hut 
little  throughout  the  whole  range  observed,  which  was  more  than 
1 ,000  millionths.  I  have  taken  the  density  of  helium  as  2 ;  but  Pro- 
fessor Ramsay  finds  it  a  little  less  than  this  when  purified  as  far  as  possi- 
ble by  repeated  dlflhslons.  This  makes  its  relative  molecular  velocity  a 
little  more  than  .71,  and  brings  it  still  closer  to  the  observed  value  of  Its 
heat  conductivity. 

From  the  foregoing,  we  may  reasonably  conclude  that  the  heat  conduc- 
tivity <»i  gases  at  low  pressures,  and  their  mean  molecular  velocities,  are 
closely  related.  Hence,  if  we  can  learn  the  heat  conductivity  of  an  other- 
wise unknown  gas,  we  can  form  some  idea  of  its  mean  molecular  velocity ; 
and  from  this,  of  its  specific  heat,  density,  and  molecular  weight. 

As  before  indicated,  the  heat  conductivity  of  the  new  gas  at  very  low 
pressure,  even  when  mixed  with  a  large  proportion  of  other  gases,  is 
something  like  a  hundred  times  that  of  hydrogen.  I  shall  not  be  sur- 
prised to  find  the  conductivity  of  the  pure  gas  a  thousand  or  more  times 
greater  than  that  of  hydrogen ;  but  let  us  be  conservative,  and  for  the 
present  purpose  call  it  a  hundred  times,  and  see  what  follows.  I  have 
given  it  this  value  at  the  head  of  the  sixth  column. 

If  my  inference  that  the  heat  conductivity  and  molecular  velocity  of 
gases  are  directly  related  is  correct,  then  the  molecular  velocity  of  the  new 
gas  will  be  one  hundred  times  that  of  hydrogen,  as  shown  at  the  head  of 
the  fifth  column.  As  is  well  known,  the  mean  molecular  velocity  of  a  gas 
varies  directly  with  the  square  root  of  its  absolute  temperature,  and  is 
independent  of  pressure.  The  mean  molecular  velocity  of  hydrogcji  at 
the  temperature  of  melting  ice,  has  been  found  by  calculation  to  be  5,571 
feet  per  second.  Hence  the  mean  molecular  velocity  of  the  new  gas  at 
the  same  temperature  will  be  557,100  feet,  or  more  than  105  miles  per 
second.  At  anything  like  this  molecular  velocity,  it  would  be  quite  im- 
possible for  a  gas  to  remain  in  the  atmosphere,  unless  the  space  above  also 
contained  it,  A  velocity  of  only  about  seven  miles  per  second,  if  un- 
checked except  by  gravitation,  would  be  sufficient  to  project  a  body  from 
the  earth  permanently  into  space.  Even  at  a  temperature  very  close  to 
absolute  zero,  the  new  gas  would  have  sufficient  molecular  velocity  to  es- 
cape from  the  atmosphere. 

Again,  inasmuch  as  the  molecular  velocities  of  gases  vary  inversely  as 
the  square  roots  of  their  densities,  it  follows  from  our  assumption  of  its 
molecular  velocity,  that  the  density  of  the  new  gas  is  only  the  ten  thou- 
sandth part  that  of  hydrogen,  as  shown  at  the  head  of  colunm  8.  This 
is  the  hundred  and  forty  four  thousandth  part  the  density  of  air.    It  is 
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generally  believed  that  the  gases  of  the  atmosphere  distribute  themselves 
in  the  long  ran,  each  as  though  the  others  were  absent.  Hence  the  new  gas 
must  extend  a  hundred  and  forty  four  thousand  times  as  high  as  tlie  heavy 
constituents  of  the  air,  to  bring  about  the  same  proportionate  reduction 
of  pressure,  even  if  gravitation  remained  constant  ^t  all  distances  from 
the  earth ;  but  the  restraining  influence  of  gravitation  on  the  expansion  of 
the  atmosphere  diminishes  as  the  square  of  the  distance  from  the  earth's 
center  increases.  It  is  evident  therefore,  without  a  mathematical  demon- 
stration, that  the  new  gas  being  present  in  the  atmosphere,  must  extend 
indefinitely  into  space  without  great  loss  of  pressure.  This  is  only  an- 
other way  of  stating  the  result  of  its  assumed  molecular  velocity.  Now 
there  is  no  doubt  that  the  new  gas  exists  in  the  atmosphere,  though  prob- 
bably  in  very  small  proportion ;  perhaps  much  less  than  a  millionth.  Hence 
it  seems  really  probable  that  it  not  only  extends  far  beyond  the  atmos- 
phere, but  fills  all  celestial  space  at  a  very  small  pressure.  In  recognition 
of  this  probability,  I  have  provisionally  named  it  stherion  or  etherion ; 
meaning  **  high  in  the  heavens."    Its  symbol  will  naturally  be  £t. 

I  am  aware  that  strong  objections  may  well  be  raised  to  the  hypothesis 
of  an  interplanetary  and  interstellar  atmosphere ;  but  I  can  see  no  escape 
from  the  conclusion  I  have  drawn,  if  I  am  not  mistaken  in  my  premises. 

The  estimated  relative  specific  heat  of  etherion  appears  at  the  head  of 
,  the  fourth  column,  based  again  on  the  assumed  relative  molecular  veloc- 
ity. In  estimating  the  specific  heat,  I  have  not  made  it  inversely  propor- 
tional to  the  density,  as  would  be  required  by  Dalong  and  Petit's  law, 
giving  a  value  ten  thousand  times  that  of  hydrogen ;  but  have  used  the 
formula  suggested  by  Professor  Risteen  in  his  work  on  **  Molecules  and 
the  Molecular  Theory,"  which  requires  that  the  product  of  the  specific  heat 
and  molecular  weii^ht  of  gases  shall  vary  with  the  number  of  degrees  of 
freedom  of  their  molecules.  I  have  assumed  as  probably  true,  that  ethe- 
rion ismonatomic,  with  atoms  possessing  only  three  degrees  of  freedom. 

Of  course  the  values  I  have  estimated  for  the  molecular  weight,  density, 
specific  heat,  and  molecular  velocity  of  etherion,  are  intended  only  to  indi- 
cate the  order  of  magnitudes  we  may  expect  to  find  on  further  investiga- 
tion ;  and  it  mn-tt  not  be  forgotten  that  they  are  based  on  two  assumptions : 
flrst,  that  the  heat  conductivity  of  etherion  is  one  hundred  times  that  of 
hydrogen,  and  second,  that  the  ratio  of  heat  conductivity  and  mean  mol- 
ecular velocity  is  the  same  for  all  gases.  As  before  indicated,  I  expect  to 
find  the  heat  conductivity  of  etherion  much  higher  than  the  value  here  as- 
signed to  it.  If  so,  the  real  values  of  its  other  attributes  will  be  still 
more  startling  than  those  here  given.  .The  second  assumption,  while  by 
no  means  proven,  seems  at  least  a  good  **  first  approximation  "  to  the  re- 
lation between  heat  conductivity  and  molecular  velocity  in  gases. 

There  is  some  evidence  that  etherion  is  a  mixture  of  at  least  two  dif- 
ferent gases.  In  the  course  of  my  experiments  I  have  met  with  a  great 
many  specimens,  obtained  in  various  ways  IVom  various  sources ;  but  al- 
ways mixed  with  a  very  large  excess  of  other  gases.  Some  specimens 
were  almost  wholly  absorbed  by  the  phosphorous  pentoxide  at  flrst  used 
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for  doiccation.  Others  were  but  partially  absorbed ;  the  absorption  be- 
ing very  rapid  at  first,  but  in  an  hour  or  two  dwindling  to  nothing,  and 
leaving  a  residue  of  gases  permanently  showing  by  their  heat  conduc- 
tiyity,  the  presence  of  a  very  considerable  amount  of  etherion.  Soda-lime 
absorbed  etherion,  but  much  less  freely  than  phosphorous  pentoxlde,  and 
gave  it  up  again  on  heating.  The  gas  thus  recoyered  was  but  little.  If  at 
all,  affected  by  phosphorous  pentoxlde. 

In  one  experiment,  the  gases  evolved  from  ten  ounces  of  pulverized 
window  glass,  both  before  and  after  heating,  were  passed  through  coarsely 
pulverized  soda-lime  and  then  over  fresh  phosphorous  pentoxlde.  Not  a 
trace  of  etherion  remained.  The  same  result  was  obtained  when  another 
lot  of  the  slllclous  sand  already  referred  to,  was  used  as  the  source  of 
etherion. 

I  will  venture  the  conjecture  that  etherion  will  be  found  to  consist  of  a 
mixture  of  three  or  more  gases,  forming  one  or  more  periodic  groups  of 
new  elements,  all  very  much  lighter  than  hydrogen.  If  this  prove  true, 
I  propose  to  retain  the  present  name  for  the  lightest  one. 

The  transmission  of  radiant  energy  through  space  has  always  been  to 
me  a  fascinating  phenomenon,  and  I  have  indulged  in  much  speculation 
concerning  the  ether — that  mysterious  something,  by  means  of  which  it 
Is  effected.  The  remarlcaiile  properties  assigned  to  the  ether  from  time 
to  time,  In  order  to  account  for  observed  phenomena,  have  excited  my  , 
keen  Interest ;  but  I  have  long  entertained  the  hope  that  some  simpler  ex- 
planation of  the  mechanism  involved  will  be  found.  To  me,  a  less  strain 
of  the  imagination  Is  required  In  the  assumption  that  Instead  of  a  con- 
tinuous medium,  gaseous  molecules  of  some  kind,  endowed  perhaps  wlih 
a  mode  or  modes  of  motion  at  present  unknown  to  us,  are  the  agent  of 
transmission;  a  gas  so  subtle,  and  existing  everywhere  In  such  small 
quantity,  that  it  has  escaped  detection. 

Perhaps  the  molecular  hypothesis  of  the  ether  has  proven  so  attractive 
to  me,  because  it  supports  he  hope  that  we  may  sometime  compass  the 
perfect  vacuum — a  portioa  of  space  devoid  of  everything.  Such  a  vacuum 
would  be  opaque  to  light,  and  gravltatlve  attraction  could  not,  I  believe, 
act  through  It.  It  might  afford  a  new  point  of  view  from  which  to  study 
the  profound  mystery  of  gravitation  —  an  outside  point. 

The  late  De  Volson  Wood  (Phil.  Mag.  Nov.  1885)  considered  the  ques- 
tion of  a  gaseous  ether  mathematically,  and  deduced  certain  necessary 
properties  of  the  hypothetical  gas,  chief  among  which  were  exceedingly 
small  density,  and  exceedingly  high  specific  heat.  Possibly  we  are  about 
to  find  a  gas  which  will  fulfil  the  required  conditions.  It  may  be  etherion, 
or  its  lightest  constituent,  if  it  turn  out  to  be  a  mixture.  I  venture  to 
express  the  hope  that  etherion  will  at  least  account  for  some  phenomena 
at  present  attributed  to  the  ether. 

On  account  of  the  presumably  extreme  smallness  of  Its  molecules  as 
compared  with  those  of  glass,  etherion  probably  passes  through  the  lat- 
ter when  any  considerable  difference  of  pressure  exists  on  opposite  sides 
though  the  passage  may  be  very  slow.    It  seems  to  bte  condensed  or  corn- 
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pressed  In  glass  as  before  indicated,  and  may  evaporate  on  the  side  of 
lower  pressure,  and  be  absorbed  on  the  side  of  higher  pressure,  after  the 
manner  of  hydrogen  in  passing  through  palladium.  In  my  own  experi- 
ments, the  heat  transmission  ascribed  to  the  ether  may  be  due  to  the 
presence  of  the  new  gas  inside  the  bulb.  A  small  fraction  of  a  millionth 
would  be  sufficient,  and  this  might  escape  detection  by  the  pressure  gauge 
on  account  of  the  necessary  compression  in  the  gauge  head  causing  ab- 
sorption by  the  glass.  Again,  etherion  must  always  be  present  to  some 
extent  In  all  **  vacuum  tubes'*  (as  well  as  in  my  own  conduction  bulb),  on 
account  of  its  long-continued  evolution  from  glass,  and  may  be  the 
medium  of  propagation  of  the  Roentgen  rays  in  the  vacuum  glass  and 
air. 


POLAKIZATION  AND   INTKRNAL  RBSISTANCB    OF    KLBCTROLTTIC  CELLS.      By 

Dr.  K.  E  QuTHE,  University  of  Michigan,  Ann  Arbor. 

A  NUMBER  of  careful  experiments  with  constant  and  alternating  currents 
liave  shown  that  the  apparent  resistance  of  an  electrolytic  cell  or  a  battery 
decreases  with  increasing  current,  and  this  has  led  in  some  cases  to  the 
assumption  of  a  resistance  of  transition  (Uebergangswiderstand).  The 
author  showed  that  for  electrolytic  cells,  Cu  in  CUSO4  solution,  this 
change  of  the  apparent  resistance  can  easily  be  explained  by  polarization. 
Wiedeburg's  theory  was  adopted,  which  derives  for  the  polarization  of  a 
simple  electrolytic  cell  with  electrodes  of  the  same  size 

p=Pil-e     '  % 

The  application  of  this  formula  to  the  case  in  question  gives  for  the  real 
resistance  of  the  cell,  if  the  time  during  which  the  current  flows  is  kept 
constant, 

r=[j:'-P(l-c  )]    J 

In  the  experiments  the  disturbing  influences  of  absorption  and  convec- 
tion were  practically  eliminated. 

The  results  show  that  r  is  a  constant  and  that  the  electric  action  in 
such  a  cell  can  be  expressed  very  well  by  Ohm's  law,  taking  into  account 
the  polarization. 

It  in  apparent  that  the  method  can  be  applied  to  the  more  complicated 
case  of  a  voltaic  battery. 

[To  be  published  in  the  Physical  Review,  Sept.-Oct.  1898  ] 
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A   NKW  DKTEKMINATION  OK  THE  KLKCTHOCHRMICAL  EQUIVALENT  OF  SILVER. 

By  Geo.  W.  Pattkiison,  Jr.,  M.A.,  B.S.  and  Karl  E.  Gutiie,  Ph.D.. 
,    University  of  Michigan,  Ann  Arbor,  Mich. 

The  discrepancy  of  the  values  for  the  mechanical  equivalent  of  heat 
obtained  by  the  electrical  method  and  those  found  by  the  direct  methoil* 
has  suggested  the  possli)ility  of  the  difference  being  due  to  an  error  In  the 
standards  used.  The  value  of  the  ampere  was  suspected  to  be  wrong  and 
this  led  us  to  attempt  a  redetermination  of  its  value  by  a  new  method. 
The  electrocliemical  equivalent  of  silver  has  been  repeatedly  determined 
and  was  found  to  be  .001!  156  grm  by  Mascart  ;*  .00111794  grm  by  Lord  Ray- 
leigh  and  Mrs.  Sidgwiclv'  and  0011183  grm  by  Fr.  and  W.  Kohlrausch.*  In 
the  first  two  cases  an  electrodynamic  balance  was  used ;  in  the  last  an  accu- 
rate tangent  galvanometer.  Heydweiller^  compared  Lord  Rayleigh*8  and 
Kohlrausch*s  methods  directly  and  came  to  the  conclusion,  that  the  error  in 
the  two  methods  coulil  not  be  larger  than  .1%.  Kopsel*  found  .0011174  grm 
with  a  balance  built  according  to  von  Helmholtz's  directions.  The  experi- 
ments by  Pellat  and  Potier,'  using  Pellafs  absolute  electrodynamometer, 
gave  .001 1192  grm.  For  a  number  of  years  Kahle  has  been  at  work  at  the 
Imperial  Institute  in  Berlin  using  Helinholtz*s  current-balance*  but  the 
definite  report  of  this  valuable  Investigation  has  not  yet  been  pulilished. 
In  a  preliminary  report  he  gives  .0011182  for  the  equivalent,  when  the 
silver  was  deposited  from  a  freshly  prepared  solution,  l>ut  .0011193, 
when  he  used  an  old  solution.' 

In  all  the  experiments  mentioned  the  value  of  the  electro-chemical  equiv- 
alent of  silver  depends  upon  the  accurate  Icnowledge  either  of  the  accel- 
eration due  to  gravity  or  of  the  horizontal  intensity  of  the  earth's  magnetic 
field.  We  proposed  to  measure  its  value  entirely  Independent  of  g  or  H 
by  balancing  the  moment  due  to  the  electrodynamic  action  of  the  two 
coils  of  an  absolute  electrodynamometer,  designed  by  us  and  made  under 
our  direction,  against  the  torsional  moment  of  a  wire  with  very  small 
elastic  fatigue.  The  measurements  are  finally  reduced  to  measurements 
of  mass  and  length  only  and  we  believe  our  result  to  be  accurate  to  at 
least  one  In  five  thousand. 


^  A  table  with  tlie  results  obtained  by  varlouB  methods  since  1867  is  given  In  Phil. 
Mag.  3^,  160, 1895;  see  also  Day,  Phys.  Rev.  vi,  193, 1898  and  Johns  Hopkins  Univ.  Clrc. 
XVII,  64,  18.**. 

« Journ.  de  Phys.  (3)  i,  109,  188-2-^,  1883, 1884. 

3  Proc.  Koy.  Smr.  37,  IM,  1884,  or  Phil.  Trans.  2,  411, 1884. 

*  Sltzungsber.  d.  phys.  -med.  Ges.  WUrzburg  1884,  Wied.  Ann.  27,  1, 18«6. 

» Inaug.-diss.,  WUizb.  1886. 

«  Wied.  Ann.  81,  2*W,  18^7. 

'  Journ.  de  Phyw.  (2)  9,  881,  1890. 

"  Wied.  Ann.  59,  /)32,  1896. 

»  Zeitschr.  f.  lustrum.  Kuude  17,  144,  1897,  and  18. 141,  lir98. 
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DESCRIPTION   OP  THK  MKTHOD. 

In  oar  determination  we  made  use  of  Poggeiulorffs  potentiometer 
method  for  comparing  electromotive  forces.  First  we  found  tbe  ratio 
between  the  E.  M.  F.  of  two  Carhart-Clark  cells  immersed  in  a  large 
water-bath  and  tbe  potential  difference  at  the  terminals  of  a  coil  of  man- 
ganin  wire,  when  a  current  flowed  through  it,  which  just  balanced  the 
torsional  moment  of  the  snspendlng  wire  of  the  electrodynamometer  due 
to  one  complete  twist  of  the  torsion  head.  The  ai)Solute  value  of  this 
current  was  calculated  from  the  instrument. 

Let        /  be  the  calculated  current, 
E  the  B.  M.  E.  of  the  cells, 
Ri  the  resistance  necessary  to  balance  E, 
B^  the  resistance  necessary  to  balance  the  potential  difference 

due  to  I, 
R  the  resistance  of  the  manganln  coil, 
then 

r    _    ^^  (1) 

■"    R,R 

Secondly,  we  balanced  the  E.  M.  F.  of  the  cells  against  the  potential 
difference  due  to  the  silver  depositing  current. 

Let    J,  be  this  current, 

R\  and  R't  the  resistances  necessary  for  the  balances, 
^  and  i?  the  same  as  before, 

/.   =  J;  |.  (2) 

The  silver  deposited  by  the  cuiTent  /  is 

g  =  z/it  grms.,  (3) 

where  z  Is  the  electrochemical  equivalent  of  silver 


B,  R', 


therefore  z  =  JL  ?!a  ^  (6) 

It  i?,  R'^  ""  ^ 

We  are  thus  independent  of  the  absolute  value  of  the  E.  M.  F.  of  the 
standard  cells  and  the  manganln  resistance  coil. 

We  chose  Carhart-Clark  cells,  in  which  the  zinc  sulphate  solution  Is 
free  from  crystals  at  ordinary  temperatures,  rather  than  normal  Clark 
cells,  in  which  the  zinc  sulphate  solutionis  always  in  presence  of  crystals, 
to  avoid  all  time  lag  of  electromotive  force  due  to  chanjjing  density  after 
change  of  temperature.  The  Carhart-Clark  cells  have  the  further  ad- 
vantage of  having  only  about  one-half  as  great  a  temperature  coefficient 
as  the  normal  Clark  cells. 
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The  manganln  coll  had  a  negligible  change  in  resistance  within  the 
limits  of  the  temperatures  at  which  we  used  it.  The  current  through  the 
silver  voltameters  was  not  measured  directly  by  the  electrodynamometer. 
The  reasou  Tor  not  doing  so  was  tliat  the  electrodynamometer  was  ex- 
tremely sensitive,  and  it  would  have  been  almost,  if  not  quite,  impossible 
to  control  the  current  through  the  circuit  from  the  beginning  to  the  end 
of  a  set  of  observations,  at  such  a  value  as  to  balance  the  turning  moment 
of  the  suspension  due  to  exactly  one  turn  of  the  torsion  head  of  the  in- 
strument. This  difficulty  was  due  to  several  causes:  first,  the  current 
diminished  gradually,  due  to  the  polarization  of  the  battery  and  heating  of 
the  colls;  second,  slight  changes  of  temperature  produced  changes  in  the 
wire  suspending  the  movable  coll,  from  which  resulted  changes  in  the 
torsional  constant  and  in  the  zero  point;  third,  there  were  gradual  though 
very  small  changes  in  the  zero  point  due  to  elastic  fatigue  of  the  suspen- 
sion. Besides  these  reasons,  it  should  be  mentioned  that  an  absolute 
electrodynamometer  should  be  used  with  all  four  possible  permutations 
of  direct  and  reversed  current  through  both  coils. 
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FIG.   1. 

PoggendorfTs  method  gave  an  almost  ideal  means  of  holding  all  these 
diverse  disturbing  factors  in  control.  Fig.  1  shows  the  arrangement  of 
our  apparatus. 

In  our  experiments  we  used  either  two  or  three  storage  cells  BBB  to 
produce  the  current  through  two  carefully  adjusted  resistance  boxes  P^P' 
by  Nalder  Brothers.  The  total  resistance  was  kept  at  llUO  ohms,  and 
the  fall  of  potential  through  a  portion  P  of  this  resistance,  was  balanced 
a«;ainst  the  electromotive  force  of  the  standard  cells  CC  or  a^lnst  the 
fall  of  potential  through  the  manganln  coil  i?^.  if  is  a  Pohl's  commu- 
tator, G  a  sensitive  Kelvin  galvanometer  and  S  a  successive  contact  key. 
In  one  arrangement  the  manganin  coil  was  in  circuit  with  the  storage 
battery  bbb  and  the  electrodynamometer  E.  D.  in  the  other  two  ^llve^ 
voltameters  was  Included  in  the  circuit  also. 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


FIC.  2. 


Digitized  by 


Google 


Digitized  by 


Google 


PHTStCS.  167 

The  silver  nitrate  solution  was  made  by  weight  16  per  cent  c.  p.  sil- 
ver nitrate  and  85  per  cent  distilled  water  with  a  trace  of  silver  oxide 
added  to  insure  a  neutral  solution.  The  same  solution  was  used  on  suc- 
cessive days.  Kahle  in  a  recent  paper*  has  called  attention  to  a  difference 
he  finds  In  the  electrochemical  equivalent  of  silver  when  determined  from 
'*  fresh  '*  and  **  used  **  solutions.  We  did  not  prepare  a  solution  afresh 
for  each  determination.  The  close  agreement  between  our  different  re- 
sults would  indicate  that  our  solution  remained  constant  for  at  least  the 
last  four  days,  on  which  the  experiments  were  talcen  that  were  used  for 
the  final  calculation.  We  used  for  silver  voltameters  two  platinum  bowls 
of  7.5  cms.  diameter  and  2.5  cms.  height  as  kathodes  and  pure  silver  plates 
about  2.5  cms.  diameter  wrapped  in  filter  paper  and  suspended  by  platinum 
wires  near  the  centres  of  the  bowls  as  anodes.  We  used  currents  slightly 
less  than  one  ampere  and  kept  the  circuit  closed  for  about  an  hour.  Be- 
fore using  the  bowls  they  were  carefully  cleaned,  dried,  and  weighed 
with  accurate  weights  to  the  nearest  tenth  of  a  milligram.  After  open- 
ing the  circuit  the  anode  was  removed,  the  solution  poured  back  into  its 
bottle  and  the  bowls  carefully  washed  twice  with  distilled  water  and 
then  filled  with  distilled  water  and  left  to  soak  for  a  day,  during  which 
time  the  water  was  renewed  once.  The  bowls  were  emptied,  dried  in  an  air 
bath  at  about  180°  and  left  to  cool  in  desiccators.  They  were  then 
weighed  as  before. 

THE  BLKCTRODTNAMOMKTER.      (FIO.  2.) 

Our  electrodynamometer  consisted  of  a  fixed  coil  of  576  turns  in  a  sin- 
gle layer  of  41.633  cms.  mean  length  and  48.118  cms.  mean  diameter  and  a 
movable  coil  of  45  turns  of  8.805  cms.  mean  length  and  10.0187  cms.  mean 
diameter  suspended  at  the  centre  of  the  fixed  coil  by  a  single  phosphor- 
bronze  wire  .0355  cm.  in  diameter  and  100.5  cms.  long.  The  current  was  led 
into  the  movable  coll  through  two  mercury  cups  below  and  in  line  with 
the  suspension.  The  torque,  due  to  the  current  in  the  fixed  coil  and 
the  conductors  between  the  movable  coil  and  the  mercury  cups,  was 
avoided  by  using  a  symmetrically  divided  circuit  leading  around  the  up- 
per mercury  cup,  to  the  mercury  in  the  lower  cup.  There  was,  however, 
a  slight  torque  due  to  the  action  of  the  current  in  the  conductor  lending 
from  the  upper  cup  to  the  point  beyond  which  the  lead  wires  were  twisted 
together.  The  lead  wires  from  the  terminals  Qf  the  fixed  coil  were  car- 
ried along  the  surface,  parallel  to  the  axis,  to  binding  posts  at  diagonally 
opposite  corners  of  a  square,  and  the  lead  wires  from  the  suspended  coil 
were  brought  out  to  the  other  corners  of  the  square.  The  action  of 
these  lead  wires  is  shown  in  the  difference  between  the  values  of  the  cur- 
rent needed  to  balance  a  right-banded  or  left-handed  twist  of  the  sus- 
pension. The  error  due  to  this  asymmetry  was  eliminated  by  reversing 
the  current  in  the  fixed  coll. 

iZeltflchr.  f.  iBstr.,  17, 144, 1897. 


Digitized  by 


Google 


158  SECTION   B. 

In  most  cases  we  used  one  complete  turn  of  the  torsion  head,  which  was 
determined  by  means  of  a  mirror  on  the  torsion  head  and  a  telescope  and 
scale  at  a  distance  of  about  150  cms.  The  torsion  head  could  be  read  by 
means  of  a  vernier  to  one  ten-thousandth  of  a  circumference,  but  we  did 
not  in  general  make  readings  on  it  directly,  as  the  telescope,  mirror  and 
scale  made  a  much  more  accurate  determination  of  a  complete  turn  pos- 
sible. 

The  cylinder  holding  the  fixed  coil  was  built  up  of  dry,  clear  pine  wood 
about  2.5  cms.  thick.  Each  layer  consisted  of  five  pieces,  and  successive 
layers  broke  joints.  The  grain  of  the  wood  ran  around  the  cylinder.  By 
this  arrangement  we  succeeded  in  keeping  the  cylinder  of  uniform  diam- 
eter, although  the  wood  shrank  a  little  (one  in  five  thousand)  after  it  was 
put  together.  The  layers  were  fastened  together  by  both  glue  and  brass 
screws.  After  the  cylinder  was  built  up,  it  whs  turned  in  a  large  lathe  to 
the  required  diameter.  It  was  then  given  many  coats  of  shellac,  outside 
and  in,  to  keep  it  as  nearly  as  possible  moisture-proof.  It  was  then  wound 
with  576  turns  of  number  23  (B  &  S  gauge)  single  cotton-covered  wire 
which  afterwards  was  given  eight  coats  of  shellac  to  ensure  good  in- 
sulation. The  insulation  was  tested  and  found  perfect.  The  winding 
was  helical  except  near  the  small  opening  through  which  the  nnspension 
passed,  where  short  portions  of  six  turns  were  displaced.  To  make  the 
effect  of  this  displacement  as  small  as  possible,  three  wires  on  each  side 
of  the  hole  were  half  sunk  into  the  wood  of  the  cylinder  and  three  others 
were  wound  on  top  of  them.  By  this  means  the  mean  radius  of  the  coil 
was  unchanged  and  the  effect  on  the  mean  field  within  the  suspended  coll 
was  not  changed  materially.  The  suspended  coil  was  wound  on  a  hollow 
vulcanite  cylinder.  The  conductor  was  a  copper  ribbon  made  by  rolling 
a  number  25  (B  &  S  gauge)  wire  down  to  a  thickness  of  .024  cm.  The 
cylinder  was  connected  to  the  suspension  by  means  of  a  small  brass  rod 
about  0.2  cm.  diameter  which  was  soldered  above  int<i  a  hollow  brass  cylin- 
der and  below  into  a  brass  plate  which  extended  the  length  of  the  cylinder 
and  was  fastened  by  screws  to  its  ends  Where  the  brass  rod  passed  from 
above  into  the  vulcanite  it  was  cut  away  on  two  sides  so  as  to  allow  the 
coil  to  keep  in  a  nearly  helical  form.  The  suspending  wire  was  soldered 
into  a  brass  cylinder  which  was  fitted  and  pinned  Into  the  hollow  brass 
cylinder  mentioned  above.  The  terminals  of  the  suspended  coil  were  at 
points  along  the  bottom  element  of  the  vulcanite  cylinder  and  were  con- 
nected along  the  inner  surface :  one  to  the  upper  mercury  cup  by  a  straight 
wire  soldered  to  a  small  brass  pin,  with  a  platinum  wire  tip  in  line  with  the 
suspension ;  the  other  by  a  Y-shaped  connection  to  two  symmetrical  rods 
which  passed  out  on  opposite  sides  of  the  upper  mercury  cup  and  were 
soldered  into  a  cro.'^s  bar  which  held  a  brass  rod  in  line  with  the  suspen- 
sion. This  rod  supported  a  mirror  and  an  adjusting  weight,  and  held  at 
its  end  a  platinum  wire  which  projected  Into  the  lower  mercury  cup.  The 
adjusting  weight  was  designed  to  make  the  mass  of  the  system  exactly 
equal  to  the  mass  whose  moment  of  inertia  and  period  of  torsional  vibra- 
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tloD  determined  the  torsional  constant  of  the  suspending  wire.  (See 
Fig.  3.) 

The  dimensions  of  both  the  suspended  and  fixed  coils  were  intended 
to  fulfil  the  requirement  laid  down  by  Gray,*  that  the  length  and  radius 
should  be  in  the  proportion  of  1/  8^ :  1.  When  both  coils  fulfil  this  require- 
ment and  when  their  centres  coincide,  all  the  terms  of  the  series  express- 
ing the  torque  between  the  coils  disappear  except  the  first,  seventh  and 
following  odd  terms.  If  the  dimensions  of  the  fixed  coil  are  large  in 
comparison  with  those  of  the  movable  coil,  alUerms  after  the  first  may  be 
neglected.  Owing  to  shrinkage  of  the  wood  of  the  fixed  cylinder,  the 
fixed  coil  became  somewhat  too  short  to  fulfil  Gray's  requirements ;  the 
suspended  coil  was  much  closer;  nevertheless,  the  correction  necessary 
does  not  amount  to  even  one  in  one  hundred  thousand. 

We  carefully  levelled  the  fixed  coil  by  means  of  a  long  level.  Then  we 
adjusted  the  zero  position  of  the  movable  coil  by  means  of  a  set  of  con- 
centric squares  and  circles  on  a  circular  board  which  was  fitted  into  one 
end  of  the  cylinder  of  the  fixed  coll.  The  suspended  coil  was  turned  par- 
allel to  the  fixed  coll  and  the  height  of  the  torsion  head  was  adjusted  until 
the  centre  of  the  movable  coil  was  opposite  the  centre  of  thf  squares  and 
circles.  The  torsion  head  was  then  given  a  half  turn  to  test  the  level  of 
the  movable  coll.  This  was  found  perfect.  Next  a  scale  was  placed  across 
the  other  end  of  the  movable  coil  and  the  levelling  screws  under  one  side 
of  the  instrument  were  adjusted  to  bring  the  axis  of  the  fixed  coil  and  the 
suspension  into  the  same  plane.  The  adjusting  screws  at  the  torsion  head 
were  then  used  to  bring  the  line  of  the  suspension  into  the  middle  circle 
of  the  large  cylinder  which  corresponded  very  closely  with  the  middle  of 
the  fixed  coil.  The  positions  of  the  mercury  cups  were  then  adjusted  to 
bring  the  platinum  tips  to  their  centres.  The  tests  were  then  all  repeated 
and  the  position  of  the  movable  coll  appeared  exactly  central  and  hori- 
zontal. We  then  turned  the  torsion  head  one-quarter  revolution  and  veri- 
fied the  position  by  means  of  the  concentric  squares  nnd  the  fiat  ends  of 
the  movable  cylinder.  Any  error  in  the  level  of  either  coil  would  introduce 
an  error  proportional  to  the  diff'erence  between  unity  and  the  square  root 
of  the  cosine  of  the  angle.  No  error  of  the  magnitude  of  one  part  in  ten 
thousand  could  have  been  present. 

The  electrodynamometer  was  set  up  with  the  axis  of  the  fixed  coil 
roughly  in  the  magnetic  meridian  and  the  axis  of  the  movable  coll  exactly 
at  right  angles  to  that  of  the  fixed  coil.  We  chose  this  position  to  avoid 
haying  the  movable  coll  act  like  a  dip  needle  when  the  current  was  on. 
The  eflisct  of  the  earth's  field  was  considerable,  but  was  eliminated  by  re- 
versing the  current  in  both  coils  and  adjusting  its  value  until  the  same 
torque  was  produced.  Let  the  current  through  the  coils  be  represented 
by  ix  and  U  in  the  two  cases  and  let  a  and  b  be  cogfiicients  to  take  ac- 
count of  the  dimensions  of  the  instrument  and  the  value  of  the  earth's 


I  Absolute  Meaearementa  in  Electricity  and  Magnetism,  Vol.  II,  p.  277,  or  Phil. 
Mag.  83,  p.  82. 
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field,  the  then  torque /required  to  hold  the  movable  coll  In  its  zero  posi- 
tion may  be  represented  in  the  two  cases  as  follows  : 

f=ai,^  +  hi,  (G) 

and 

/  =  at^*  —  hi^     ;  (7) 

eliminate  b  and  we  find 

f=ai,i,    ,  (8) 

which  shows  that,  excluding  the  eirth's  field,  a  current  whose  value  was  a 
mean  proportional  between  the  numerical  values  of  the  two  actual  cur- 
rents, would  have  produced  the  same  torque  as  each  did  with  the  earth's 
field  acting. 

To  eliminate  the  action  of  the  lead  wires  we  must  consider  that  a  is  re- 
placed in  one  case  hy  C'\-d  and  with  the  coimections  of  the  colls  changed 
by  c  —  <f,  which  gives  two  equations  for  the  same  torque/;  **,  and  —  i^  are 
the  new  currents  corresponding  to  i,  and  —  i*^. 

/=.(c  +  d)t,i,  (9) 

/=(c-(Z)i,i\  (10) 

•^  =  2^  (ri'Vr/  )  =  M/  U  U  i^U  nearly.  (11) 

This  approximation,  which  is  more  convenient  than  the  exact  expression. 
Introduces  no  error  larger  than  one  part  in  a  million  in  any  of  our  compu- 
tations. 

TUB  SUSPENDING   WIRK. 

The  suspension  of  the  movable  coll  was  a  phosphor-bronze  wire  sol- 
dered into  brass  cylinders  at  both  ends.  The  larger  cylinder  served  to 
hold  the  upper  end  of  the  wire  in  the  torsion  head ;  the  smaller  could  be 
coupled  to  the  movable  coll  in  the  manner  described  above.  These  brass 
cylinders  with  the  position  of  the  wire  reversed  served,  one  to  support  a 
hollow  brass  cylinder  of  Icnown  moment  of  Inertia  used  in  determining 
the  torsional  coefficient  of  the  wire,  the  other  to  support  the  wire  itself. 

The  wire  ol)eyed  Hooke's  law  almost  exactly  as  will  appear  from  obser- 
vations made  while  the  wire  was  undergoing  torsional  vibrations.  The 
period  of  vibration  in  vacuo  was  efibcted  by  change  in  amplitude  from  a 
small  arc  to  a  complete  rotation  by  about  one  part  in  twelve  thousand, 
and  the  logarithmic  decrement  was  extremely  small  and  practically  tlie 
same  at  all  amplitudes.  A  rise  of  temperature  increased  the  period  by 
about  one  part  in  five  thousand  per  degree  Centigrade. 

Elastic  fatigue  produced  a  small  eff^ect  on  the  wire.  If  the  wire  when 
supporting  the  movable  coil  was  given  one  complete  twist  and  held  in  this 
position  for  several  minutes  and  then  allowed  to  untwist,  it  was  noticed 
that  the  position  of  equilibrium  was  displaced  In  the  direction  of  the  twist 
by  about  one  one-thousandth  of  a  complete  turn.    Nearly  the  full  efCect 
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was  reached  after  ten  minutes'  twisting.  On  untwisting,  it  took  a  much 
longer  time  for  the  residual  twist  to  disappear.  In  the  use  of  the  electro- 
dynamometer  we  eliminated  the  effect  of  the  elastic  fatigue  by  twisting 
the  wire  once  round  and  leaving  it  twisted  for  several  minutes  before  be- 
ginning our  observations.  The  current  was  adjusted  until  the  movable 
coil  hung  in  its  zero  position  at  right  angles  to  the  fixed  coll.  The  cir- 
cuit was  then  opened  and  the  torsion  head  turned  back  to  its  zero  posi- 
tion. The  position  of  equilibrium  of  the  movable  coil  was  then  quickly 
determined  by  using  an  auxiliary  battery,  and  the  torsion  head  was  again 
given  a  full  turn  and  enough  more  to  allow  for  the  deviation  of  the  po- 
sition of  equilibrium  from  the  zero  position.  The  circuit  was  then  closed 
and  the  current  adjusted  until  the  movable  coil  was  in  its  zero  position 
again.  The  circuit  was  then  broken  and  the  torsion  head  turned  back  one 
complete  revolution  and  the  position  of  equilibrium  redetermined.  This 
was  repeated  until  the  position  of  equilibrium  was  the  zero  position,  or 
until  successive  positions  lay  on  both  sides  of  zero.  The  strength  of  cur- 
rent was  indicated  by  the  number  of  ohms  in  the  box  P  of  Fig.  1. 

The  question  naturally  arises:  Did  our  method  of  allowing  for  the 
slight  elastic  fatigue  Introduce  any  error?  We  think  not.  We  made  a 
number  of  observations  to  test  this.  We  allowed  the  suspension  of  the 
electrodynamometer  to  rest  over  night.  We  then  completed  the  circuit 
but  did  not  twist  the  suspension.  We  adjusted  the  current  to  the  right 
value  to  correspond  to  a  complete  turn  and  allowed  the  current  to  become 
quite  steady  without  twisting  the  wire.  After,  say,  twenty  minutes  we 
opened  the  circuit,  noted  the  position  of  equilibrium  which  in  general 
changed  slightly  owing  to  a  change  in  temperature,  and  closed  the  circuit 
again.  We  then  turned  the  torsion  head  a  complete  revolution  with  the 
proper  correction  for  the  change  in  the  position  of  equilibrium  and  deter- 
mined the  number  of  ohms  in  P  (Fig.  1)  required  to  balance  the  current 
and  the  temperature  noted.  We  kept  adjusting  the  current  so  as  to  keep 
the  movable  coil  in  its  zero  position  and  noted  the  corresponding  number 
of  ohms  in  P.  We  continued  this  over  a  period  of  half  an  hour  or  until 
conditions  had  become  constant.  From  these  observations  we  estimated 
by  extrapolation  what  number  of  ohms  in  P  would  have  corresponded  to 
a  balance  at  the  instant  of  twisting  the  suspension.  We  then  opened  the 
circuit,  adjusted  the  zero  and  determined  the  ohms  corresponding  to  one 
complete  turn  of  the  suspension  from  this  last  zero.  This  value  remained 
constant  except  for  change  of  temperature,  showing  that  the  change  due 
to  elastic  fatigue  had  ceased.  Making  allowance  for  slight  changes  in 
temperature  we  found  that  the  current  required  to  balance  corresponded  as 
nearly  as  we  could  determine,  exactly  to  the  current  which  we  estimated  would 
have  produced  a  balance  at  the  instant  of  turning  the  torsion  head.  The 
difference  was  certainly  not  as  great  as  one  part  in  ten  thousand.  After 
several  tests  of  tliis  kind  we  got  rid  of  the  elastic  fatigue  before  be- 
ginning observations.  If  we  had  neglected  the  effect  of  elastic  fatigue, 
we  should  have  got  a  value  for  the  square  of  the  current  too  large  by  one 
part  in  one  thousand.  This  corresponds  to  an  error  of  one  part  in  two 
thousand  for  the  current  itself. 

A.   A.   A.    8.   VOL.    XL VII  11 
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The  temperature  of  the  suspending  wire  was  estimated  at  the  time  of 
each  balance  by  means  of  two  thermometers,  one  Inside  the  case,  and  one 
against  the  brass  tube  surrounding  the  wire.  (The  second  thermometer 
was  that  used  when  the  torsional  constant  of  the  wire  was  determined.) 
To  facilitate  rapidity  of  work  the  motion  of  the  movable  coil  was  limited 
to  a  small  arc  by  the  prongs  of  a  wooden  fork  (see  Fig.  2).    Before  the 


Fig.  4. 

fork  was  used,  we  found  that  the  suspended  coil  would  on  occasion  swing 
through  the  position  of  stable  equilibrium,  on  through  a  position  of  nn- 
stabie  equilibrium  and  finally  come  to  rest  in  another  position  of  stable 
equilibrium.  The  torque  in  the  various  positions  may  be  represented  by 
the  combination  of  a  simple  cosine  curve  with  an  inclined  straight  line.  The 
former  represents  the  torque  of  the  electric  forces,  the  latter  that  of  the 
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suspending  wire.  In  conibining  the  two  torques  account  must  be  taken 
of  the  angle  through  which  the  torsion  head  has  been  turned.  For  equi- 
librium positions  must  be  found  in  which  the  two  ordinates  are  numeri- 
cally equal  but  opposite  in  sign.  The  combined  curve  has  positions  of 
equilibrium  wherever  the  ordinate  becomes  zero.  The  positive  values  of 
this  curve  tend  to  increase  the  angle,  the  negative  to  decrease  it.  Tiie  odd 
positions  correspond  to  stal)le  and  the  even  to  unstable  equilibrium.  (See 
Fig.  4.)  We  used  the  second  position  of  stable  equilibrium  and  adjusted 
the  current  until  it  corresponded  to  one  complete  turn  of  the  torsion  head 
with  the  movable  coil  in  its  zero  position.  With  this  arrangement  we 
found  that  a  position  of  unstable  equilibrium  was  quite  near  by,  and  unti^ 
we  had  used  the  wooden  fork  to  stop  the  coll,  It  was  quite  difficult  to 
avoid  having  the  coil  turn  around  while  adjusting  the  current  to  its  right 
value.    The  wooden  fork  completely  eliminated  this  trouble. 

TORSIONAL  COBmClBNT  OF  THE  SUSPENDING  WIRK. 

The  torsional  coefficient  of  the  phosphor-bronze  suspension  was  Inves- 
tigated very  carefully.  The  wire  was  soldered  at  as  low  a  temperature  as 
possible  into  the  two  cylinders  mentioned  before.  We  did  this  to  avoid 
any  change  in  the  length  of  the  wire  used.  The  larger  cylinder  fitted  as 
exactly  as  possible  into  a  hollow  cylinder.  These  cylinders  were  made 
from  rolled  brass  bars  which  we  thought  more  uniform  than  cast  brass. 
The  moment  of  inertia  of  the  combination  was  determined  very  carefully. 
We  weighed  them  with  brass  weights  which  we  compared  with  a  set  of 
standard  weights,  tested  by  the  U.  S.  Bureau  of  Weights  and  Measures 
and  we  measured  their  dimensions  by  means  of  a  Brown  ami  Sharpe  ver- 
nier caliper.  We  tested  the  graduation  of  the  vernier  caliper  by  means  of 
a  dividing  engine  and  found  it  accurate.  As  the  dimensions  of  the  mova- 
ble coil  were  measured  by  the  same  instrument,  any  error  due  to  a  faulty 
unit  would  disappear.  JThe  length  and  outer  radius  of  the  hollow  cylinder 
were  in  the  ratio  of  y  3 : 1  and  consequently  any  slight  error  in  its  axis  of 
rotation  would  produce  a  minimum  disturbing  efi'ect  on  the  moment  of  In- 
ertia. To  the  bottom  of  the  central  cylinder  a  small  mirror  was  fastened 
with  glue.  The  moment  of  Inertia  of  both  mirror  and  glue  was  computed 
and  added  to  that  of  the  brass.  The  moment  of  Inertia  of  the  wire  was 
negligibly  small.  A  second  hollow  brass  cylinder  as  nearly  as  convenient 
the  duplicate  of  the  first  was  provided  as  a  check  to  the  first.  It  was 
thought  that  if  air  holes  were  present  in  either  cylinder  or  in  both,  it 
would  be  hardly  probable  that  the  same  results  would  be  obtained  from 
both.  Identical  values  of  the  torsional  constant  of  the  wire  were  obtained 
from  both,  and  it  Is  probable  therefore  that  the  real  and  calculated  mo- 
ments of  Inertia  were  the  same.  Cylinder  I  was  taken  as  our  standard 
and  cylinder  II  was  used  as  a  check  only. 

The  inner  smaller  cylinder  had  at  Its  one  end  a  short  projection  on 
which  the  larger  hollow  cylinders  rested.    Its  moment  of  inertia  Is  there- 

■  Limb,  Compt.  rend.  114,  1057, 1892. 


Digitized  by 


Google 


1G4  SECTION   B. 

fore,  considering  it  as  two  cylinders  of  diame^rs  d  and  D,  and  lenj^tli  L 
and  I  respectively 


I  = 

M 

8 

yLd*-{-lD* 
\Ld^  -h  ID^ 

) 

(12 

DATA 

FOR  THE  BKASS 

CTIJNDERi*. 

Inner  Cylinder 

B. 

Hollow  Cylinder  I 

M  =  47.647  grms. 

M  =    675  95(»  grms. 

d  =    1.270  cms. 

D  =        4.992  cms. 

D  =    1.378  cms. 

d  =        1.272  cms. 
L  =        4.334  cms. 

L  =    4.416  cms. 

/  =  2241.87 

I   =      .085  cms. 

/  =    9.5599 

C. 

Hollow  Cylinder  II 
M  =      674.3474  grms 

Moment  of  inertia  of  mirror 

D  =          4.9916  cms. 

I  =      .466 

d=         1.272    cms. 
L=          4.324  cms. 
/  =      2236.7 

D. 


Total  moment  of  inertia  for  Cylinder    I  =  2251.89 
for  Cylinder  II  =2246.72 

We  made  a  long  series  of  observations  on  the  periods  of  torsional  vi- 
bration of  the  system.  To  avoid  the  disturbing  intlnence  of  the  air,  we 
enclosed  the  system  in  a  long  glass  vacuum  cylinder  set  in  bearings  at 
both  ends.  The  system  was  set  in  torsional  viiiratlons  by  turning  the 
glass  cylinder.  Within  the  cylinder  was  u  good  thermometer  reading 
directly  to  0°.  2  C.  and  a  small  barometer.  During  tests  the  pressure  of  the 
air  was  kept  down  to  about  2.5  cms.  of  mercury,  although  a  pressure  of 
several  times  that  amount  did  not  affect  the  period  of  vibration  by  more 
than  a  negligible  amount  (for  our  purposes).  We  noticed  that  when  the 
tension  of  the  wire  was  relieved  for  some  time,  a  considerable  time  was 
necessary  before  renewed  tension  brought  the  wire  to  the  same  condition 
as  before.  This  effect  was  very  slight  and  produced  a  variation  in  the 
period  of  vibration  of  the  order  of  less  than  one  part  in  ten  thousand. 

We  carefully  investigated  the  temperature  coefficient  of  the  wire,  and 
found  in  general  that  the  period  increased  with  the  temperature  at  the  rate 
of  one  part  in  five  thousand  per  degree  Centigrade.  From  observations 
with  rapidly  falling  and  risini;  temperatures  near  zero,  we  obtained  some 
evidence  of  a  hysteresis  effect  in  the  period  of  vibration.  Cold  weather 
did  not  continue  long  enough  for  us  to  settle  the  matter  definitely.  With 
slowly  rising  or  falling  temperatures  no  such  effect  was  detected. 

We  also  carefully  investigated  the  effect  of  amplitude  of  vibration  on 
the  period.  We  here  noticed  a  small  eff'ect.  The  variation  of  the  period 
between  very  small  amplitudes  of  vibration  nnd  one  whole  turn  from  the 
position  of  equilibrium  was  of  the  order  of  one  part  in  twelve  thousand. 
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We  decided  that  this  was  due  to  friction  with  the  smali  amount  of  air  in 
the  glass  cylinder  and  molecular  friction  in  the  wire  itself,  and  that  as 
these  elements  would  be  lacking  when  in  use  in  the  electrodynamometer, 
the  right  period  for  our  purposes  was  the  period  for  small  amplitudes. 
The  logarithmic  decrement  was  very  small  and  produced  no  appreciable 
eflfect  on  the  period  for  small  amplitudes. 

From  these  Investigations  we  concluded  that  the  phosphor-bronze  wire 
was  suited  to  use  as  a  suspension  in  an  absolute  electrodynamometer.  We 
were  well  satisfied  with  its  action  when  in  the  instrument. 


DBTKRMINATION   OF  THB  PERIOD. 

Our  method  was  a  slight  modification  of  Kohlrausch's  method.  On  the 
bottom  of  the  rotating  cylinder  was  a  mirror.  Around  the  glass  cylinder 
containing  the  rotating  system  was  a  circular  scale  subdivided  into  cms. 
and  mms.  at  a  distance  of  20  cms. 

The  scale  was  observed  through  a  telescope  at  a  distance  of  about  150 
cms.  The  instrument  was  set  up  in  a  room,  in  which  there  was  a  Stand- 
ard Rlefler  clock,  the  ticks  of  which  could  be  heard  distinctly.  We  de- 
termined the  exact  time,  when  a  tick  coincided  with  the  passage  of  the 
mirror  through  the  middle  point  of  the  swing  and  repeated  these  observa- 
tions. 

During  the  interval  between  two  consecutive  coincidences  a  whole  num- 
ber of  vibrations  was  made  and  dividing  this  interval  by  the  approximate 
period  we  obtain  a  more  accurate  value  for  the  latter.  Repeating  this  we 
can  easily  obtain  an  accuracy  of  .001  second  within  200  swings.  The 
method  of  procedure  will  become  clear  from  the  examples  given  in  the 
following  tables. 

The  absolute  rate  of  the  clock  will  not  come  into  account  in  the  final 
determination  of  the  electrochemical  equivalent,  if  the  time  during  which 
the  silver  is  deposited  is  also  measured  with  the  same  clock.  We  did  not, 
therefore,  determine  the  absolute  rate  but  referred  all  measurements  of 
time  made  during  the  investigation  to  this  Riefier  clock  as  a  standard. 

Our  first  object  was  to  determine  in  how  far  the  elastic  fatigue  came 
into  account  in  our  measurements.  Tables  1  to  3  give  three  series  under- 
taken at  diflTerent  temperatures.  In  every  case  the  logarithmic  decrement 
is  very  small  nnd  constant,  from  which  we  can  conclude  that.  If  there  is 
any  elastic  fatigue,  it  is  very  slight.  The  amplitude  of  the  vibrations  va- 
ried considerably  in  the  diflferent  tests  and  decreased  to  about  one-half  of 
its  initial  value  during  each  series. 
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16.0 

94  61 

284 

3396 

11.957 

60.76 

39.3 

21.46 

.000264 

16.0 

107  48 

349 

4178 

11.9570 

60.3 

39  7 

20.6 

.000266 

16.6 

202  48 

825 

9864 

11.9564 

57.8 

42.2 

16.6 

.000269 

16.5 

211  37 

870 

10402 

11.9663 

57.5 

42.6 

16.0 

.000265 

16.7 

229  21 

969 

11466 

11.9561 

57.12 

42.88 

14.24 

.000264 

16.7 

247  41 

1061 

12566 

11.9562 

56.76 

48.22 

13.53 

.000262 

16.4 
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Table  3.     (Feb.  22.) 


If 

> 
H 

§ 
a* 

H 

S 

I 

i 

5 

pi 

< 

li 

42'  07" 

0 

0 

Ih.l 

24.3 

51.4 

47    41 

28 

75.35 

24.55 

50.8 

7 

55    26 

67 

74.9 

25.0 

49.9 

.000291 

6.65 

58    01 

80 

954 

11.925 

74.8 

25  15 

49.65 

.000188 

6.65 

60    24 

92 

1097 

11.9239 

74.52 

25.38 

49.14 

.000212 

6.70 

62    59 

105 

1252 

11.9238 

— 

— 

— 

— 

6.70 

65    34 

118 

1407 

11.9237 

74.2 

25.8 

48.4 

.000221 

6.7 

70    32 

143 

1705 

11.9237 

73.9 

26 

47.9 

.000214 

6.65 

The  second  set  was  taken  with  the  brass  cylinder  I,  the  first  and  third 
with  the  brass  cylinder  11. 

It  has  been  mentioned  above  that  the  amplitude  of  the  vibrations  had 
a  small  influence  upon  the  period.  The  following  series  of  observations 
shows  this  very  well. 


Taiilk  4. 


TIME  «>F 
TttASSIT. 

NUMBER  OF 
8W1NG8. 

INTERVAL. 

PERIOD. 

TEM- 
PERATURE. 

:'   55" 

0 

0 

I«.3 

23    27 

78 

932 

11.94872 

18.25 

31    37 

119 

1422 

11.94958 

18.25 

37    11 

157 

1876 

11.94905 

18.2 

62    41 

275 

3282 

11.94907 

18.1 

70    27 

314 

3752 

11.94905 

1S.12 

The  amplitude  varied  from  55  to  46.5  scale  parts. 
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Tablk  5. 


TIME  OK 
TRANSIT. 

NUMBER  OF 
SWINGS. 

INTERVAL. 

PERIOD. 

TEM- 
PERATURE. 

20'   00" 

0 

0 

18.4 

36    20 

77 

920 

11. '.1480 

18.42 

4H    18 

117 

1398 

11.94872 

18.2 

60    62 

156 

1862 

11.9484 

18.2 

58    60 

196 

2330 

11.94872 

18.15 

66    36 

234 

2796 

11.94872 

18.05 

73    68 

271 

3238 

11  9483 

18.04 

81    56 

811 

3716 

11.94855 

18.05 

Amplitude  varied  from  9.6  to  8.8  scale  division. 

The  difference  between  the  period  for  the  two  amplitudes  is  even  a 
little  smaller  than  appears  from  this  on  account  of  the  lower  average  tem- 
perature in  the  second  case,  which  tends  to  decrease  the  period. 

INFLUENCE  OF  TEMPERATURE  UPON  THE  PERIOD. 

While  in  the  preceding  experiments  we  had  simply  decided,  that  the 
phosphor-bronze  wire  was  well  fitted  for  use  in  the  electrodynamometer 
and  no  account  had  been  taken  of  the  thermometer-correction,  the  fol- 
lowing experiments  were  undertaken  to  determine  the  temperature  coef- 
ficient of  the  wire  and  a  new  thermometer,  subdivided  into  .2°  C.  was 
put  into  the  vacuum  cylinder. 

The  following  table  shows  the  effect  a  change  of  temperature  hail  on 
the  time  of  vibration  of  the  system.  The  period  was  determined  in  the 
manner  described  above.  We  note  here  only  the  final  period.  These 
observations  are  selected  out  of  a  large  number,  made  with  the  same 
wire.    The  values  in  the  second  column  denote  the  average  temperature. 

Table  6. 


DATE. 

TEMPERATURE. 

PERIOD. 

AprU  4 

14.84 

11.94083 

5 

6.91 

11.92275 

6 

9.15 

11.9283 

9 

18.2 

11.94905 

13 

19.32 

11  9627 
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We  cannot  be  perfectly  sare  abont  the  low  temperatures,  because  it 
was  rather  difficult  to  keep  the  room  at  a  constant  temperature,  while  we 
were  working  in  it.  Nevertheless  it  seems  apparent  that  ihe  tempera- 
ture-coSfficient  of  the  wire  increases  with  rising  temperature. 

The  observations  in  Table  6  were  taken  with  the  big  hollow  cylinder  II 
and  before  the  wire  was  fixed  for  the  final  determinations.  That  noth- 
ing was  changed  when  the  wire  was  soldered  into  the  brass  cylinder, 
which  was  to  hold  the  movable  coil  of  the  electrodynamomeier,  is  appar- 
ent from  the  following  table.  These  observations  were  taken  with  the 
wire,  when  ready  for  use  in  the  electrodynamometer  and  with  ring  I. 

Table  7. 


DATE. 

TEMPERATURE. 

PERIOD. 

April  20 

20. 19° 

11  96791 

June    80 

23.06° 

11.97492 

(( 

24.720 

11.9798 

July    1 

26.89° 

11.9861 

The  first  observation  was  taken  before,  the  last  three  after,  the  deter- 
minations with  the  electrodynamometer. 

The  temperature  coefficient  between  15°  and  30°  Is  therefore  .00022. 

The  results  are  plotted  in  figure  6, 1  being  the  curve  for  the  Table  6,  and 
II  the  curve  for  Table  7. 

EXPERIMENTS  WITH  THE  ELECTRODYNAMOMETER. 

In  our  final  experiments  we  balanced  the  moment  of  torsion,  due  to  a 
complete  twist  of  the  wire  against  the  electrodynamic  action  between 
the  two  coils  of  the  electrodynamometer. 

The  moment  of  torsion  of  the  wire  for  a  twist  of  unit  angle  is 


(13) 


where  K  denotes  the  moment  of  inertia  of  the  rotating  system  and.  T 
the  time  of  vibration. 
The  strength  of  the  field  at  the  center  of  the  stationary  coll  is 


H  = 


in  N 


y  D*'\-L* 


I^hl 


(14) 


where  N  Is  the  number  of  turns  in  the  stationary  coll,  D  and  L  its  mean 
diameter  and  mean  length,  /the  current  expressed  in  C.  6.  S.  units. 
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The  area  of  the  movable  coil,  multiplied  bj  the  number  of  turns  of  the 

'*"^'^'  A=    !i^      ;  (ir» 

4 

so  that  the  moment  of  torsion  due  to  the  action  of  the  two  colls  upon 
each  other  Is,  If  they  are  at  right  angles  to  each  other, 

w'  =  hAP=  —   /«    .  (16) 

The  equation  of  equilibrium  Is  then,  the  twist  being  2;:, 

Tt^Nn(P  %7:^K 

n=2'w=-,p^     ,  (17) 


(18) 


where  r  is  the  radius  of  the  movable  coll. 

Substituting  the  numerical  values  in  the  al>ove  formula  and  talcing 
for  the  time  of  vibration  of  our  system  11.9863  at  27<*,  we  obtain  as  the 
theoretical  value  of  the  current  necessary  to  balance  the  torsional  moment 
due  to  a  twist  of  27:  of  the  wire  at  the  temperature  27^ 

I  =  .98158  ampere. 

To  compare  this  value  with  the  sliver  depositing  c»irrent,  we  made  use 
of  I^oggendorflTs  method  in  the  manner  described  above.    (See  Fig.  1.) 

(I)  Balance  between  the  E.  M.  F.  of  the  standard  cells  and  the  dif- 
ference of  potential  over  the  manganln  resistance,  due  to  the  current 
necessary  to  counteract  the  twisting  moment  of  the  wire.  As  the  source 
of  the  current  through  the  instrument  we  used  a  storage  battery  with  a 
voltage  of  about  72  volts.  In  the  following  tables  we  have  given  the 
experiments  In  the  order  in  which  they  were  taken.  In  the  first  column 
is  given  the  arrangement  of  the  coils.  In  arrangement  2  the  current  was 
flowing  through  the  stationary  coil  in  the  opposite  direction  from  the 
direction  whlcli  it  had  in  the  arrangement  1,  while  the  direction  of  the 
current  through  the  movable  coil  n-malned  the  same  in  both  arrange- 
ments. This  was  done  to  eliminate  the  error  due  to  the  lead  wires  between 
the  two  coils.  The  dlflference  in  our  results  for  the  balancing  current  in 
the  two  cases  is  small,  but  quite  app  irent.  In  the  second  column  the  num- 
ber of  ohms  necessary  for  a  balance  with  the  current  through  the  whole 
instrument  in  one  direction  is  given,  in  the  third  the  same  with  the  cur- 
rent reversed;  these  two  currents  correspond  to  I'l  and  tj  or  iV,  and  i, 
of  equation  11. 
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The  fourth  colnmn  shows  the  number  of  ohms  necessary  to  balance 
the  E.  M.  F.  of  the  two  Carhart  Clark  cells ;  the  following,  the  E.  M.  F. 
of  the  cells,  supposing  the  value  at  24°  to  be  1.436  volts.  The  following 
two  columns  contain  the  temperatures  of  the  electrodjnamometer  (t<i)  and 
the  cells  (tc)  respectively.  The  value  of  the  manganin  resistance  was  taken 
as  4.626  ohms.  The  current/',  calculated  under  these  suppositions  and 
reduced  to  27°  of  the  electrodynamometer,  is  given  in  the  last  column  &n^ 
shows  no  larger  discrepancy  than  one  in  ten  thousand  for  the  same  ar- 
rangement. 

Table  8. 


ARBAMOEMBMT. 

R* 

Bb 

K| 

E.  M.  F. 

tc 

tc 

I' 

1 

7901.6 

7773 

4944.1 

2.80878 

26.36 

24.96 

.98284 

2 

7897 

7766.7 

4944.1 

2.86878 

27.8 

24.96 

.98246 

2 

7896 

7764.6 

4942  9 

2.86796 

28.09 

26.6 

.98236 

1 

7902 

7773 

4942  8 

2.86744 

26.68 

26 

.98274 

2 

7898.6 

7770.7 

4943 

2.86744 

26.96 

26 

.98242 

2 

7902.6 

7773.4 

4:r44.9 

2.86808 

26.03 

26.5 

.98242 

1 

7904 

7774.1 

4944.85 

2.86795 

27.39 

26.6 

.98284 

Since  we  were  not  sure  of  the  temperature-coefficient  of  the  Carhart- 
Clark  cells  at  the  high  temperatures,  at  which  they  were  used,  a  sepa- 
rate experiment  was  made  to  find  the  variation  of  their  E.  M.  F.  with 
temperature.  A  Clark  cell  (United  States  standard)  was  always  kept 
at  a  constant  temperature  and  the  temperature  of  the  experimental  eel] 
changed.  No  observations  were  taken  immediately  after  a  change,  but 
the  temperature  had  been  practically  constant  for  several  hours.  Sup- 
posing the  E.  M.  F.  of  a  Carhart-Clark  cell  to  be  1.436  volts  at  24°  C.  we 
found  the  following  values : 

Table  9. 


TEMP. 

E.  M.  F. 

22 

1.43628 

23 

1.43664 

24 

1.43600 

26 

1.43436 

26 

1.43372 

These  values  have  been  used  in  table  8. 
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Instead  of  calcalating  /'  we  may  correct  the  resistances  R^  and  Bb  to 
the  vahies  they  wonhl  have  had,  if  the  eiectrodynamometer  had  been  at 
27°,  using  the  temperature-coefficient,  found  for  the  wire  and  correct  iJ, 
to  24°  of  ilie  cells. 

Tablk  10. 


AKRANGRMEMT. 

Ra 

Rb 

»i 

1 

7900.4 

7771.9 

4946.a 

2 

7898.4 

7767.1 

4946.8 

2 

7897.8 

7766.4 

4946.4 

1 

7901.6 

7772.6 

4947.2 

2 

7898.5 

7770.6 

4947.4 

2 

7901.0 

7771.8 

4948.2 

1 

7904.6 

7774.6 

4948.3 

Calling  B'ti  and  i?'b  the  resistances  found  with  the  arrangement  1, 
B"t,  and  i^^'b  those  with  arrangement  2,  we  find  as  the  resistance  neces- 
sary for  a  balance,  if  there  were  no  influence  of  the  earth's  magnetism  or 
asymmetry  in  the  instrument, 


B,=^/B'^It'^li"^B\' 

The  values  of  Bi  and  B^,  calculated  from  the  numerical  results,  are 

i?,  =  4947.2 
Ri  =  7835.6 


and  therefore 


/=  1.68383    -    amp.   (la) 
Jti 


(2)  Balance  between  the  K.  M.  F.  of  the  standard  cells  and  the  difference 
of  potential  due  to  the  silver  depositing  current. 

The  method  of  procedure  during  these  experiments  was  the  following. 
As  in  the  preceding  we  used  the  storage  battery,  having  about  70  ohms 
in  series  with  the  two  voltameters.  Before  sending  the  current  through 
the  voltameters  It  was  allowed  to  flow  through  the  resistance,  In  order  to 
heat  it  up ;  a  preliminary  balance  was  taken.  Then,  by  means  of  a  switch, 
the  silver  voltameters  were  thrown  in  series  with  the  rest  of  the  circuit 
By  means  of  this  precaution  we  obtained  a  very  constant  current  and  the 
small  changes  taking  place  were  so  regular  that  there  was  no  difficulty  in 
taking  an  average  of  the  resistances  necessary  for  a  balance  during  the 
hour  the  current  was  running.  In  taking  the  average,  we  were  careful 
to  allow  for  the  time-interval  between  two  consecutive  balances.    Out  of 
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a  namber  of  observations  we  have  selected  f  oar  in  -which  the  changes  in 
the  resistances  were  small,  as  an  average  about  20  ohms  in  7500  ohms 
during  the  hour,  and  in  which  the  temperature  of  the  standard  cells  was 
near  24^.  The  change  of  the  E.  M.  P.  of  the  standard  cells  never  ex- 
ceeded two  in  fifty  thousand  during  the  whole  hour. 

The  rate  of  the  clock  was  repeatedly  compared  with  the  rate  of  the  Rief- 
ler  clock  and  it  was  found  that  one  hour  was  equal  to  8601.8  seconds. 

In  the  first  two  of  these  determinations  two  standard  Carhart-Clark 
cells  were  used,  whose  E.  M.  F.  was  a  little  smaller  than  that  of  the  cells 
used  in  the  rest  of  the  experiments.  The  ratio  was  determined  to  be 
1.00248.  In  the  following  table  Bi'  is  the  average  resistance  necessary  to 
balance  the  current  and  B^'  the  resistance  to  balance  the  E.  M.  F.  of  the 
cells.  In  the  fourth  column  are  ^iven  the  corrected  values  of  ^/,  t.  6., 
the  resistances  that  would  balance  the  cells  if  they  wore  at  24^  C. ;  in  the 
following  the  temperature  of  the  cells  and  in  the  last  the  electrochem- 
ical equivalent  worked  out  under  the  supposition  that  the  values  of  E 
(2.870  volts)  and  B  (4.626  ohms)  are  correct. 

Table  11. 


DATE 

B,' 

Bl' 

R,'  CORR. 

T 

8II«VBR 
DEPOSIT. 

z 

June  4 

7622.15 

4830.71 

4842.6 

24.14 

2.6211  grms. 

1.11795 

19 

7629.25 

4911.06 

4919.2 

22.8 

8.82801 

1.11789 

27 

7580.69 

4988.79 

4988.4 

28.82 

8.8094 

1.11807 

80 

7664.86 

4948.75 

4944.9 

24.5 

3.8718 

1.11796 

In  the  first  case  the  duration  of  the  experiment  was  only  forty  minutes ; 
in  the  rest,  sixty  minutes. 

Taking  the  mean  of  Bi'j  Bi'&nd  9,  the  silver  deposited  in  one  hour,  we 
obtain 

Bl  =4911.8  ohms 
Bt'  =  7586.7  ohms 
q     =  8.8689    grms. 

Substituting  these  values  and  those  obtained  above  for  /^  B^  and  B^  in 

our  formula  (6) 

«  -  JL  -^J.'  ^ 
It  Bl    i?/ 

we  find  as  the  electro-chemical  equivalent  of  silver 

3.8589  X  4911.8  X  7885.5  ^,,,^«    , 

^  =  .98158  X  8601.8  X  4947.2  X   7586.7  «^"-  =  '^'''^^  +  S^™«- 

This  is  about  i  %  larger  than  the  accepted  value.      It  agrees  with  the 
average  value  of  Pellat  and  Potier,  and  with  the  value  Kahle  found  when 
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asing  an  old  solution  of  silver  nitrate.  Kahle  gives  for  this  in  his  pre- 
liminary report  (Zeltschr.  f.  Instr.  xvii,  144, 1897)  a  value  almost  Identi- 
cal with  ours,  1.1193  mgrro.  Our  experiments  with  the  silver  voltameters 
were  taken  with  a  solution  that  had  been  used  three  or  four  times  before. 

Moreover  it  is  of  interest  to  note  that  the  discrepancy  between  Rowland 
and  Grifflth*s  value  of  the  mechanical  equivalent  of  heat  disappears,when 
we  use  as  the  unit  of  current  one  about  .11%  larger  than  the  ampere. 

A  recalculation  of  the  E.  M.  F.  of  the  Clark  standard  cell  from  the  new 
value  for  the  electro- chemical  equivalent  of  silver  gives,  if  we  take  as 
the  old  value  1.4342  volts,  as  determined  by  Glazebrook  with  the  electro- 
chemical equivalent  of  .001118  grm. 

E  =  1  4327  volts  at  IS^C. 
Kahle's  value  is  1.4328  volts. 

Kahle  has  found  that  the  E.  M.  F.  of  a  standard  cell  is  more  constant 
and  gives  better  results  than  a  silver  voltameter.  With  our  apparatus  we 
can  easily  determine  the  E.  M.  F.  of  such  a  cell  by  direct  comparison  and 
an  accurate  (letermluHtlon  of  the  manganin- resistance. 

It  is  intended  to  continue  the  experiments  with  special  reference  to  the 
E.  M.  F.  of  the  Clark  cell. 


The  following  reports  and  papers  were  read  before  joint  session  of 
Sections  A  and  B,  and  are  printed  in  Section  A : 


RkPORT  on   THK  RKCKNT  PROORR88    IN    THE    DYNAMICS  OF  SOLIDS  AND 

FLUIDS.    By  Dr.  Ernkst  W.  Brown,  Christ's  College,  Cambridge,  Pro- 
fessor of  Applied  Mathematics,  Haver  ford  College,  Pa. 


THK  mass  and  MOMENTS  OF  INERTIA   OF  THE  EARTH'S  ATMOSPHERE.      By 

Prof.  R.  S.  Woodward,  Columbia  University,  New  York  City. 


The  new  forms  of  apparatus  for  measuring  the  acceleration  of 
GRAVITY.     By  Prof.  R.  S.  Woodward,  Columbia  University. 


The  GRA^^TATION  constant  and  the  mean  density  of  the  earth. 
By  Prof.  R.  S.  Woodward,  Columbia  University. 
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The  following  papers  were  read  before  joint  session  of  Sections  B  and 
D  and  are  printed  in  Section  D : 


High  sprkd  influbncb  machines.      By  Chaklbs   F.  Warnrr,  Cam- 
bridge, Mass.  . 


Fkoposbd  methods  ok  dktekminino  the  frequency  of  alternating 
CURRENTS.    By  Carl  Kinsley,  Fulls  Church,  Va. 
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EDGAR    F.    SMITH, 

VICE    PRESIDENT,    ANI5   CHAIKMAN   OF   SECTION    C. 


THE  ELECTRIC  CUBBENT  IS  OBGAmC  CHEMISTBY. 


It  is  now  almost  a  century  since  Volta,  the  Italian  physicist, 
wrote  the  following  words  : 

'*!  have  made  experiments,  showing  the  transmission  of  the  elec- 
tric fluid  ...  I  have  applied  dififerent  metals  to  all  sorts  of 
animal  bodies  .  .  .  even  to  such  substances  as  paper,  leather, 
linen  (well  saturated  with  water),  as  well  as  to  water  itself  .... 
The  metals  are  not  only  conductors  of  electricity,  but  they  also  ex- 
cite it,  and  this  is  a  grand  discovery!*' 

Yes,  it  was,  indeed,  a  "grand  discovery,"  for  it  led  to  further 
investigation  with  the  final  demonstration  that  animal  and  metal 
electricity  were  identical.  What  is  more,  it  unquestionably  opened 
the  way  to  the  construction  of  the  battery  bearing  the  name  of 
this  honored  investigator,  who,  however,  little  dreamed  of  the 
splendid  achievements  which  were  to  follow  the  introduction  into 
chemistry  of  the  form  of  energy,  made  so  readily  accessible  by  his 
battery  and  its  numerous  subsequent  modifications;  for  histoi-y 
tells  us  that  he  failed  to  observe  the  decomposition  which  arose 
upon  immersing  the  terminals  of  one  of  his  cells  into  water.  That 
was  to  remain  for  the  keener  vision  of  Nicholson  and  Carlisle. 

The  chemical  phenomena,  exhibiting  themselves  constantly  to 
Volta  while  experimenting  with  his  battery,  were  to  him  abso- 
lutely devoid  of  interest,  yet  they  continued  to  crowd  to  the  front 
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and  eventually  attracted  the  attention  of  a  brilliant  coterie  of  inves- 
tigators, whose  discoveries  could  never  have  come  in  their  most 
shadowy  forms  to  Volta  in  his  wildest  dreams !  In  evidence  of  this 
I  need  merely  mention  the  electrolytic  decomposition  of  water,  just 
alluded  to,  by  Nicholson  and  Carlisle ;  the  deposition  of  the  metnls 
lead  and  silver  (probably  the  beginning  of  electro-chemical  analy- 
sis) ;  the  remarkably  mysterious  and  quiet  passage  of  oxygen  from 
the  end  of  the  silver  terminal  over  to  the  zinc  terminal  where  it  ap- 
peared as  gas — all  observed  by  Cruikshank ;  the  discovery  by  Davy 
that  the  current  set  free  hydrogen  and  oxygen  from  water  in  the 
proportion  in  which  they  united  to  form  the  parent  substance ;  the 
conclusion  reached  by  Ritter  that  reduction  invariably  took  place 
at  one  pole  while  oxidation  occurred  at  the  other ;  the  evolution  of 
Grothuss'  theory  in  regard  to  the  decomposition  of  liquids  gener- 
ally by  the  current — a  theory  highly  suggestive  in  various  direc- 
tions (thus,  the  esterification  theory  of  Williamson  is  based  upon 
the  same  idf  a  of  alternate  decompositions  and  reformations) ;  the 
mngiiificeut  conquests  made  by  Davy,  culminating  in  the  isolation 
of  the  interesting  and  valuable  alkali  metals,  sodium  and  potassium ; 
giving  to  the  chemical  world  not  only  two  new  elements,  but  also 
inciting  students  the  world  over  to  research  in  wide  reaching  fields 
— a  discovery  pronounced  by  Ostwald  to   be  *'the  close  of  the  first 
act  of  the  electrochemical  drama,"  and  yet  what  wonderful  prog- 
ress   had  been  made  through  the  application  of  the  new  agent! 
But  richer  discoveries  were  to  follow.     Recall  the  labors  of  Berze- 
lius  and  Hisinger  upon  which  was  founded  a  theory  now  almost 
forgotten ;  and  in  its  day  a  retarder,  in  some  measure,  of  the  proper 
understanding  of  simple  chemical  combinations.     But  it  was  help- 
ful and  contributed  at  least  a  mass  of  facts,  applied  later  success- 
fully in  the  solution  of  various  chemical  problems.     And  as  we 
advance  I  must  not  fail  to  mention  Becquerel,  de    la  Rive  and 
Pfaff ,  who  contributed  much  of  lasting  value  during  the  controversy 
waged  by  the  adherents  of  opposing  schools  in  regard  to  the  origin 
of  the  current,  in  the  midst  of  whom  appeared  the  immortal  Fara- 
day, fixing  the  relation  between  the  electrical  magnitudes  and  the 
combining  numbers  of  chemistry  ;  really  taking  the  initial  steps  in 
the  foundation  of  the  quantitative  period  of  electrochemistry.  I  must 
not,  however,  dwell  too  long  upon  the  many  observations  made  by 
him.     Let  suflSce  the  mere  mention  of  his  identification  of  machine 
and  Volta  electricity ;  his  declaration  concerning  electrochemical 
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decomposition  that  "the  effect  is  produced  by  an  internal  corpuscu- 
lar action,  exerted  according  to  the  direction  of  the  electric  current, 
and  that  it  is  due  to  a  force  either  superadded  to  or  giving  direction 
to  the  ordinary  chemical  aflBnity  of  the  bodies  present ;"  his  sug- 
gestion, after  wrestling  with  the  nomenclature  of  that  day  preva- 
lent in  electrochemistry,  of  the  terms  anode,  kathode,  electrode, 
ion,  etc.,  etc. ;  his  efforts  to  measure  electricity  when  he  wrote 
"that  the  decomposing  action  of  the  current  is  constant  for  a  con- 
stant quantity  of  electricity,"  and  following  this  thought  con- 
structed an  instrument  which,  * 'being  Interposed  in  the  course  of 
the  current,  used  in  any  particular  experiment,  should  serve  at  pleas- 
ure either  as  a  comparative  standard  of  effect,  or  as  a  positive 
measurer  of  this  subtile  agent."  Again,  having  repeated  all  his 
earlier  experiments  with  the  most  varying  conditions,  he  wrote 
"variations  in  the  intensity  ....  produced  no  difference  as 
to  the  equal  action  of  large  and  small  electrodes ;"  and  when  he 
had  completed  his  volta-electrometers  they  were  so  arranged  that 
*'after  the  current  had  passed  through  one  it  should  divide  into  two 
parts  ;  these  after  traversing  each  one  of  the  remaining  instruments 
should  reunite.  The  sum  of  decomposition  in  the  two  latter  ves- 
sels was  always  equal  to  the  decomposition  in  the  former  vessel 
.  .  .  .  exactly  the  same  quantity  of  water  was  decomposed 
in  all  the  solutions  by  the  same  quantity  of  electricity."  When  the 
current  acted  upon  caustic  soda  or  potash,  magnesium  sulphate  or 
sodium  sulphate,  just  as  much  hydrogen  and  oxygen  were  evolved 
from  them  as  from  the  diluted  sulphuric  acid  with  which  they  had 
been  compared.  And  his  final  declaration  in  regard  to  water  "that 
when  subjected  to  the  influence  of  the  electric  current,  a  quantity 
of  it  is  decomposed  exactly  proportional  to  the  quantity  of  elec- 
tricity which  had  passed."  Nor  can  I  refrain  from  a  brief  allusion 
to  the  electrolysis  of  molten  salts,  also  conducted  by  Faraday.  You 
all  remember  the  experiment  he  performed  with  lead  chloride.  The 
weighed  platinum  wire  kathode  was  introduced  into  the  molten 
salt;  "a  button  of  alloy  could  be  observed  gradually  forming  and 
increasing  in  size."  In  time  the  experiment  was  interrupted,  when 
it  was  discovered  that  the  "positive  electrode  had  lost  just  as  much 
lead  as  the  negative  had  gained,  ....  the  equivalent  num- 
ber, by  comparison  with  the  result  in  the  volta-electrometer,  being 
103.6."  Some  one  has  said  and  I  think  we  all  will  echo  the  sentiment, 
ihat  "the  data  communicated  by  Faraday  as  the  result  of  his  years 
of  observation  of  the  action  of  the  electric  current  upon  chemical 
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compounds,  are  among  the  most  important  in  the  history  of  electro- 
chemistry." They  form  the  basis  of  all  the  quantitative  laws  which 
have  been  developed  in  this  special  field.  They  merit  place  side  by 
side  with  the  law  of  combining  weights. 

Equally  important,  perhaps,  both  from  a  theoretical  and  prac- 
tical standpoint  have  been  the  results  recently  won  by  the  intro- 
duction of  the  current  into  the  field  of  pure  chemistry  through  the 
persistent  efforts  of  untiring  investigators.  Mark  how,  in  the 
diffusion  of  solids  in  their  solvents,  van*t  Hoff  perceived  a  simi- 
larity to  the  expansion  of  ^ases ;  how  he  succeeded  in  measuring 
that  diffusive,  expansive  force,  bearing  the  name  osmotic  pressure  ; 
then  note  the  astonishing  consequences  of  this  discovery.  The 
simple  relation  between  gas  volume,  attending  pressure  and  tem- 
perature had  led  Avogadro  to  promulgate  his  hypothesis  in  re- 
gard to  molecules  —  a  thought  considered  by  all  of  us  as  a  funda- 
mental in  our  science.  This  hypothesis  van*t  Hoff  made  bold  to 
apply  to  solutions  and  there  resulted  a  theory  for  solutions  analo- 
gous to  that  previously  wrought  out  for  gases.  To-day  molecular 
weight  determinations  are  made  almost  daily  in  our  research  lab- 
oratories as  an  indirect  con»equence  of  this  deduction.  Indeed, 
the  laws  governing  osmotic  pressure,  when  applied  in  the  most 
varied  forms,  remained  satisfactory  except  with  solutions  of  salts, 
bases  and  acids.  Their  osmotic  pressure  was  far  beyond  what 
could  be  expected  from  the  theory  of  vanH  Hoff.  How  was  this 
to  be  explained?  The  answer  came  from  Arrhenius  (1887)  :  the 
departure  from  the  law  is  due  to  dissociation,  and  most  astonish- 
ing of  all  is  that  the  dissociation  of  bodies  in  their  solvents  occurs 
only  in  the  case  of  those  which  conduct  the  electric  current,  t.  e, 
with  electrolytes.  Compounds  not  dissociated  in  aqueous  solution 
—  which  adhere  to  the  law  of  osmotic  pressure  —  do  not  conduct 
the  electric  current.  There  remained  but  a  step  to  the  assumption 
that  the  products  of  dissociation,  in  aqueous  solution,  were  iden- 
tical with  the  substances  termed  ions,  which  in  electrolysis  appear 
at  the  electrodes.  A  logical  query,  consequent  upon  this  declara- 
tion, was : 

Are,  for  example,  free  potassium  and  free  chlorine  present  in 
an  aqueous  solution  of  potassium  chloride?  Let  me  read  you 
Ostwald's  well-known  reply  to  this  question  : 

'^  What  actually  exists  in  the  solution  are  single  potassium 
atoms  with  enormous  electrical  charges.  We  do  not  know  what 
these  charges  are  in  reality,  but  this  we  know  —  that  the  chemical 


Digitized  by 


Google 


ADDRESS   BT   BDGAR   F.    SMITH.  183 

properties  of  substances  are  greatly  altered  by  electrical  charges. 
On  the  other  hand  what  we  know  as  free  potassium  is  a  solid  sub- 
stance whose  molecules  consist  of  potassium  atoms  not  charged 
with  electricity  at  all  ....  As  soon  as  the  potassium  atoms 
in  solution  lose* their  charge,  as  they  do,  for  example,  when  led  by 
an  electric  current  to  a  platinum  wire,  where  they  can  give  up 
their  electricity,  potassium  with  its  ordinary  properties  is  at  once 
produced." 

A  further  consequence  of  osmosis  and  that  of  free  ions  in  solu- 
tion is  Nemst*s  theory  in  regard  to  the  electric  current  in  the  vol- 
taic cell  —  the  little  instrument  sent  into  the  world  a  century  ago, 
from  which  have  come  such  epoch-making  results,  so  that  one 
cannot  help  but  be  profoundly  impressed  with  the  time-honored 
words —  "  despise  not  the  day  of  small  things." 

However,  it  is  not  alone  in  the  field  of  pure  chemistry  that 
helpful  and  interesting  consequences  of  the  introduction  of  the 
'*  subtile  agent "  are  found.  The  patient,  careful  analyst,  as  he 
struggles  to  unravel  the  problems  Nature  has  placed  before  him, 
will  ever  hold  sacred  the  name  and  memory  of  our  own  Dr.  Gibbs 
who,  in  1865,  first  called  the  attention  of  the  chemical  world  to 
that  simple  yet  beautiful  and  extremely  satisfactory  determina- 
tion of  copper  in  the  electrolytic  way,  which  proved  the  incentive 
to  further  study  in  this  direction ;  so  that  at  present  twenty-one 
metals  lend  themselves  to  electrolytic  determination  from  solu- 
tions of  the  most  varied  character,  and  in  the  same  manner  at  • 
least  one  hundred  and  twenty  separations  have  been  made,  all  of 
which  for  accuracy,  neatness  and  rapidity  leave  little  to  be  desired. 

In  the  commercial  manufacture  of  potassium  chlorate,  potas- 
sium persulphate,  caustic,  iodoform,  etc.,  etc.,  those  who  seek  to 
apply  the  principles  of  chemistry  in  the  establishment  of  indus- 
tries of  national  import,  have  found  in  the  current  a  most  fmitful 
aid,  the  full  consequences  of  which  are  yet  untold. 

But  it  was  not  to  any  one  of  these  I  especially  desired  to  direct 
your  attention.  As  indicated  by  my  subject  I  had  in  mind  another 
thought  and,  craving  your  further  indulgence,  I  shall  at  once  pro- 
ceed to  a  new  chapter  in  this  historic  r6sum6  of  electrochemistry. 

You  are  all  familiar  with  the  classic  experiment  made  fifty  years 
ago  (1848)  by  Kolbe.  I  refer  to  the  electrolysis  of  concentrated 
solutions  of  potassium  acetate  and  valerate.  You  remember  that 
this  was  the  first  investigation  of  its  kind  in  the  domain  of  organic 
chemistry.     The  results  were  most  interesting  and  were  thought 
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to  have  shed  a  new  light  upon  and  given  deeper  insight  into  the 
constitution  of  compounds.  In  the  case  of  potassium  acetate  the 
course  of  the  decomposition  was  considered  as  being  fully  repre- 
sented by  the  resulting  products : 

+  -  +  ;  -7   _ 

CH3.  CO2  K        H  OH        CH3       CO^       KOH  +  H 

+  =    I      +  + 

CH3.  CO2  K         H  OH         CH3       CO2       KOH        H 

It  was  held  to  be  a  very  simple  decomposition. 

Kekul6  in  1864  gave  to  the  world  facts  gathered  by  him  in  the 
electrolysis  of  dibasic  acids,  e.  gr.,  succinic,  fumaric,  malei'c,  and 
brom-maleic  acids.  The  first  gave  hydrogen  and  ethylene,  together 
with  carbon  dioxide ;  the  two  isomeric  acids  gave  acetylene,  while 
brom-maleic  acid  was  thought  to  have  yielded  brom- acetylene. 
In  1866  Brester  subjected  various  aliphatic  bodies  to  electrolysis, 
but  obtained  nothing  new.  Aarlaud  next  followed  with  his  study 
of  the  three  isomer  ides — citraconic,  itaconic  and  mesaconic  acids, 
or  the  allylene  dicarboxylic  acids  as  they  may  also  be  termed. 
Aarland  expected  that  when  these  three  bodies  were  subjected  to 
electrolysis  they  would  yield  three  isomeric  allylenes.  He  also 
purposed  testing  the  suggestion  of  Carstanjen  that  six  isomeric 
allylenes  really  existed.  Without  entering  into  details  I  may  say 
that  itaconic  acid  was  electrolyzed  with  ease  ;  its  gaseous  products 
were  allylene  and  carbon  dioxide.  The  residue  contained  acrylic 
and  mesaconic  acids.  The  resulting  allylene  was  completely  ab- 
sorbed by  bromine,  but  not  by  an  ammoniacal  silver  nitrate  solu- 
tion. Citraconic  acid  yielded  allylene,  containing  hydrogen  ex- 
changeable for  metal  and  acrylic  and  mesaconic  acids.  Similar 
products  were  discovered  in  the  electrolysis  of  potassium  mesa- 
conate. 

Mesaconic  and  citraconic  acids  bearing  the  same  relation  to  one 
another  as  fumaric  acid  sustains  to  maleic  acid,  of  coui-se  yielded 
allylene,  CH3C  =  CH,  whereas  itaconic  acid  was  resolved  by  the 
current  into  symmetrical  allene,  CHj  zir  C  =  CHj. 

As  we  search  farther  we  shall  learn  that,  under  the  influence  of 
the  electric  current,  butyric  acid  was  observed  to  give  hexane,  va- 
leric acid,  octane,  caproic  acid,  decane,  etc.  Oxalic  acid  was  com- 
pletely changed  to  carbon  dioxide  and  water.  Malonic  acid  was 
resolved  into  the  same  components,  but  the  dissociation  proceeded 
less  rapidly.     Upon  electi'olyzing  aQ  alkp,line  solution  of  sodium 
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succinate,  Bourgoin  obsen-ed  ethylene  and  acetylene  in  addition  to 
the  customary  gas  products.  Free  malic  acid  was  decomposed  very 
slowly;  its  alkali  salts  yielded  carbon  dioxide,  monoxide,  oxygen, 
aldehyde  and  acetic  acid.  Tartaric  acid  was  broken  down  into 
acetic  acid.  Lactic  and  sarcolactic  acids,  in  neutral  solution,  gave 
acetaldehyde,  while  in  alkaline  solution,  owing  to  the  condensing 
power  of  ihe  alkali,  aldol  or  crolon aldehyde  appejired.  Glyceric 
acid  was  resolved  into  formaldehyde,  carbon  dioxide,  monoxide 
and  water.  In  the  case  of  the  electrolysis  of  ^^-hydroxy-acids  the 
rule  seems  to  have  been  oxidation ;  the  possibility  of  condensation, 
however,  was  not  excluded.  Formaldehyde  was  obtained  in  very 
appreciable  quantities  in  the  electrolysis  of  a  concentrated  solu- 
tion of  glycollic  acid,  whereas  in  dilute  solution  the  products  were 
carbon  dioxide,  carbon  monoxide  and  very  little  formaldehyde. 

Let  us  pause  a  few  moments  and  consider  how  these  decom- 
positions have  possibly  occurred.  Kolbe  considered  the  course  of 
the  action  as  very  evident.  The  equation  previously  given  rep- 
resents his  idea,  ^'  the  acetic  acid  in  the  field  of  the  galvanic  ac- 
tion is  oxidized  by  the  oxygen  so  that  it  is  resolved  into  carbon 
dioxide  and  methyl,  both  of  which  appear  at  the  positive  pole, 
while  only  hydrogen  is  formed  at  the  negative  electrode." 

Kolbe,  Kekule  and  others  regarded  the  decomposition  of  the 
organic  acid  as  a  secondary  reaction.  The  o.xygen,  arising  in  the 
water-decomposition,  they  considered  exerted  an  oxidizing  effect 
upon  the  acid.  Bourgoin's  researches  upon  the  electrolysis  of  or- 
ganic acids  were  very  extensive,  and  it  was  the  opinion  of  this 
investigator  that  the  most  imf)Oitant  phase  in  their  eleclrol}sis  was 
the  production  of  intermediate  anhydrides  of  the  acids.  These, 
Bourgoin  thought,  then  parted  with  oxygen,  and  secondary  products 
were  formed.  In  this  latter  class  he  included  the  passage  of  the 
anhydride  into  the  acid  by  water  absorption,  as  well  as  the  oxi- 
dation of  the  acids  by  the  oxygen  released  from  the  acid. 

These  ideas  represented  by  symbols  would  appear  as  follows  : 

CH3.C00:K  CH,CO  : 

CH,.COO:K  CHjCO-^     ^    ^    ^ 

or 

CH, 
S.      I         +COj  +  0. 
OH. 
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But,  we  continue  to  ask,  are  an  anhydride  and  oxygen  formed 
before  the  hydrocarbon  is  produced?  If  so,  does  the  oxygen  then 
decompose  the  anhydride  with  the  formation  of  the  hydrocarbon 
and  carbon  dioxide  ?  We  are  not  alone  in  this  inquiry,  but  Lob 
has  endeavored  to  find  an  answer  in  the  experimental  way.  To 
do  this,  he  electrolyzed  phthalic  acid,  dissolved  in  alcohol  (a  lit- 
tle sulphuric  acid  was  added  to  increase  the  conductivity)  with  a 
feeble  current.  The  latter  was  allowed  to  act  for  several  hours 
and  there  resulted  an  almost  quantitative  yield  of  phthalic  anhy- 
dride. It  is  not  surprising  that  this  chemist  inclines  to  the  view  of 
an  intermediate  anhydride  formation,  but  he  wisely  says  that  this 
is  only  demonstrable  with  acids,  whose  anhydrides  are  very  stable. 
In  dealing  with  the  electrolysis  of  free  acids  we  can  scarcely 
assert  that  breaking- down  occurs,  because  the  acid  reappears  as 
such  at  the  positive  electrode.  Graphically  represented  we  should 
have : 

(1)         2CH8.COOH  =  2CH«.CO0  +  Hj 

2CH3.COO  +  HjO  =  2CH8.COOH  +  O 

or 
2CH3.COOH  =  2CH3.COO  +  H, 
2CH3.COO  =  (CH8.CO)2.0  +  0 
(CH3.C0),0  +  HjO  =  2CH8.COOH. 

The  first  equation  shows  that  oxygen  comes  from  the  water,  while 
in  the  second  it  has  its  origin  in  the  intermediate  anhydride  forma- 
tion. But  let  us  follow  Lob  und  with  him  substitute  hydrogen 
sulphide  for  water,  then  the  equations  just  written  would  appear 
thus : 

2CH3.COOH  =  2CH3.COO  +  Ht 
2CH3.COO  +  US  =  2CH3.COOH  +  S 

or 
2CH3.COOH  =  2CHa.C00  +  H, 
2CH3.COO  =  (Cn,.C0)20  +  0 

CH  CO  >  ^  +  H2S  =  CH3.COOH  +  CHs  COSH. 

.  What  do  these  teach  us  ? 

1 .  If  an  intermediate  anhydride  is  not  formed  then  the  originnl 
acid  will  be  regenerated  and  sulphur  will  separate. 
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2.  If  the  anhydride  is  produced  an  evolution  of  oxygen  will 
take  place,  and  a  molecule  of  a  thio-acid  will  be  obtained  for  every 
molecule  of  the  ordinary  acid. 

An  experiment  was  performed  to  test  these  id'^as.  Very  pure 
acetic  acid  was  reduced  to  a  low  temperature  and  in  this  condition 
saturated  with  hydrogen  sulphide.  It  was  electrolyzed,  the  gas 
being  still  conducted  into  the  solution.  Not  a  particle  of  sulphur 
separated  at  the  anode,  and  the  solution  contained  thio-acetic  acid. 

Two  experiments,  therefore,  indicated  the  formation  of  an  in- 
termediate anhydride.  However,  other  views  are  prevalent.  Thus, 
Schall  entertains  the  opinion  that  a  peroxide  is  first  produced  in 
the  electrolytic  decompositions  of  the  class  we  are  considering. 
He  electrolyzed  the  alkali  salts  of  dithio-acids  and  obtained  per- 
sulphides  of  the  acids  : 

CH3.CSS 
2CH3.CSS  —  =  I      , 

CHs.CSS 

and  then  the  action  ceased.  It  may  be  because  the  persulphides 
are  so  much  more  stable  than  the  corresponding  peroxides.  Schall 
apparently  has  been  confirmed  and  indeed  antedated  in  his  views, 
for  Bunge  in  1870  subjected  thio-acetic  acid  and  thio- benzoic  acid  to 
electrolysis  and  obtained  acetyl  disulphide  and  benzoyl  disulphide, 
"facts  which,"  the  author  remarks,  *' justify  the  conclusion  that 
the  compound  group  separating  in  the  electrolysis  of  the  thioacids, 
at  the  anode,  is  liberated  as  a  complex." 

Hamonet  conducted  an  extensive  series  of  experiments  with  the 
alkali  salts  of  the  fatty  acids.  Inasmuch  as  he  worked  upon  a 
much  larger  scale  than  his  predecessors  his  conclusions  are  entitled 
to  thoughtful  consideration.     They  are  in  substance  : 

1.  The  equation,  expressing  the  decomposition  of  salts  of  the 
fatty  acids,  as  introduced  by  Kolbe,  cannot  be  regarded  as  coiTecf . 
Frequently,  paraffin  hydrocarbons  are  not  obtained,  or  at  least  in 
very  small  amounts. 

2.  The  olefines  predominate  in  this  decomposition. 

3.  An  alcohol  with  n- carbon  atoms  is  invariably  formed  if  the 
acid  contains  n  -(-  IC,  and  its  structure  is  not  always  what  we 
might  expect. 

So  much  for  the  acids.  Plainly  this  particular  line  of  inquiry 
needs  and  deserves  further  attention  from  the  investigator. 
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The  changes  induced  in  organic  substances  by  the  electric  cur- 
rent are,  as  a  rule,  so  complex  that  their  study  is  surrounded 
by  vastly  more  and  greater  difficulties  than  obtain  in  the  electroly- 
sis of  inorganic  bodies.  Von  Miller,  recognizing  this  feature,  has 
adopted  means  of  continuously  exposing  and  withdrawing  elec- 
trolyzed  products  from  the  field  of  action.  In  this  manner  he  has 
striven  to  obtain  a  more  complete  picture  of  what  actually  occurs 
under  the  influence  of  the  current.  In  the  electrolysis  of  a  mix- 
ture of  potassium  acetate  and  potassium  glycoUate  the  product 
was  ethyl  alcohol : 

CH3.COOK 
CH..01I.C00K  =  ^^  +  ^^^^  +  ^"'-^«'«« 

True,  the  quantity  of  alcohol  was  not  great,  but  its  formation 
was  certainly  very  significant.  Through  the  instrumentality  of  the 
current  even  iodine  and  the  nitro-group  have  been  introduced  into 
organic  derivatives.  Thus,  the  electrolysis  of  potassium  propionate, 
in  the  presence  of  potassium  iodide,  yielded  ethyl  iodide,  and  that 
of   sodium  propionate  and  sodium  nitrite,  nitroethane. 

Brown  and  Walker,  keeping  in  view  the  fact  that  Kolbe  had 
synthesized  hydrocarbons  by  electrolyzing  fatty  acids  and  the 
additional  knowledge  that  ester  groups  are  electrolytically  inactive 
(first  observed  by  Guthrie),  effected  some  most  interesting  elec- 
trosyntheses,  an  outline  of  which  is  all  that  I  can  now  give  you. 
They  reasoned  in  this  way :  If  the  mono-esters  of  dicarboxylic 
acids  are  electrolyzed,  carbon  dioxide  will  be  eliminated,  and  a 
diester  of  some  higher  dicarboxylic  acid  will  be  formed  : 

2  C,H5.00C.CH2.COOK=  C0H3.OOCCH2.CHJCOOC2H5+2CO,. 

The  experiment  was  performed  with  potassium  ethyl  malonate. 
The  concentrated  solution  of  this  salt  was  introduced  into  a  plati- 
num crucible,  which  served  as  the  kathode.  A  heavy  platinum 
wire,  in  spiral  form,  constituted  the  anode.  The  current  density 
approached  three  hundred  amperes  per  square  decimeter.  A 
yield  of  sixty  per  cent  of  the  theoretically  required  succinic  ester 
was  obtained.  They  further  synthesized  adipic  acid  and  sebasic 
acid.  In  all  of  these  syntheses  secondary  changes  were  noticed, 
so  that  it  is  in  no  wise  surprising  that  the  reaction  of  Brown  and 
Walker  was  not  entirely  successful  with  the  ester  salts  of  unsat- 
urated dicarboxylic  acids,  in  which  an  ethylene  union  is  present. 
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The  ester  potassium  salts  of  phthalic  acid,  of  benzyl  malonie  acid 
and  the  salts  of  oxyacids,  such  as  malic,  proved  unavailable  for 
synthetic  purposes. 

1  must  not  omit  mention  of  a  rather  interesting  result,  recently 
communicated  by  v.  Miller  and  Hofer.  As  observed,  these  chemists 
have  entered  quite  largely  into  the  study  of  the  electrolysis  of 
what  may  be  termed  mixtures.  They  have  applied  the  new 
method  to  tricarballylic  acid  witb  the  view  of  determining  consti- 
tution.    This  acid,  as  you  are  all  aware,  is  tribasic : 


CH2.COOH 
GIL  COOH 
CH2.COOH 

From  it  we  can  obtain  two  different  mono-esters,  two  di-esters,  and 
one  tri-ester.  Quoting  von  Miller  and  Hofer  freely  I  shall  say 
that  there  is  no  ordinary  chemical  procedure  which  will  determine, 
for  example,  the  position  of  the  ester  groups  in  the  diesters.  So 
these  investigators  set  about  and  saponified  the  triester  one-third ; 
they  then  mixed  the  potassium  salt  of  the  resulting  diester  with 
potassium  acetate  and  subjected  the  mixture  to  electrolysis.  Large 
quantities  of  ethyl  succinic  ester  were  formed,  a  proof  of  the  pres- 
ence of  the  unsymmetrical  diester  in  the  saponification  product,  for 
the  symmetrical  diester  would  have  yielded  methyl  glutaric  ester. 
The  authors  went  farther.  They,  had  obtained  a  diester  acid,  con- 
stitution unknown,  while  preparing  the  triester.  The  potassium 
salt  of  this  diester  acid  they  mixed  with  potassium  acetate  and 
electrolyzed  as  before.  The  product  again  gave  ethyl  succinic 
ester,  showing  that  the  original  body  was  the  unsymmetrical  diester. 
These  are  the  first  examples  of  electrosyntheses  being  used  to  de- 
termine constitution,  which  could  not  be  arrived  at  in  any  other 
way. 

Mulliken  has  also  brought  to  light  a  new  class  of  electrosynthe- 
ses. He  has  directed  his  investigation  mainly  to  bodies  containing 
a  — CHg — or — CH —  group,  in  union  with  more  negative  groups. 
We  know  that  such  substances  contain  hydrogen,  which  can  be  re- 
placed by  metals.  Their  sodium  salts  in  alcoholic  solution  conduct 
themselves  like  electrolytes ;  they  break  down  into  sodium  and  a 
complex  anion — the  carbonaceous  residue.  ''The  products  obtained 
in  all  the  electrosyntheses,  thus  far  made,  are  the  same  one  would 
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expect  to  be  formed  by  the  action  of  iodine  on  tlie  sodium  or  silver 
compounds  of  the  substauces  electrolyzed  : 

2C7HuO,Na  +  21  =  2NaI  +  CsHgCCOAH,)* 

Sodium  diethyl  malonate  Ethyl  ethaDe-tetracarboxylate 

2C7Hn04Na  (electrolyzed)  =  2Na  +  C2H2  (COAH,)*." 

Weems  has  continued  this  line  of  investigation  and  from  his  re- 
sults has  felt  justified  in  concluding  that  the  electrosyntheses  ef- 
fected from  raalonic  ester,  methin-tricarboxylic  ester,  acetylacetone 
and  acetoacetic  ester  are  best  explained  as  the  result  of  the  direct 
union  of  the  anions.  ''Pairing  of  anions  has  been  shown  to  be  of 
particularly  common  occurrence  in  the  electrolysis  of  sodium  com- 
pounds of  derivatives  of  malonic  ether."  Such  pairing  has  been 
observed  in  certain  examples  of  the  aceto-acetic  ester  type,  but  it 
can  scarcely  be  said  to  be  general.  Pairing  of  anions  does  not 
take  place  in  the  electrolysis  of  compounds  like  acetamide,  benza- 
mide,  succinimide  and  phthalimide.  The  same  holds  with  their 
sodium  and  mercury  salts. 

A  very  recent  synthesis  is  that  of  dinitrohexane,  a  result  of  the 
electrolysis  of  potassium  nitroisopropane. 

Let  us  take  a  cursory  glance  at  the  deportment  of  the  alcohols, 
when  exposed  to  the  current.  Methyl  and  ethyl  alcohol  have  bt*tn 
electrolyzed  with  electrodes  of  platinum  and  electrodes  of  other 
substances,  with  and  without  diaphragms.  The  results  have  been 
of  the  most  varied  character.  In  aqueous  sulphuric  acid  solution 
methyl  alcohol  gave  methyl  formate,  acetic  acid,  and  methyl  ace- 
tate. Formic  aldehyde  was  not  obsei*ved.  Methane  was  produced 
when  the  electrolyzed  solution  contained  potassium  carbonate. 
Ethyl  alcohol,  in  sulphuric  acid  solution,  gave  acetic  acid,  formic 
ester  and  ethyl  sulphuric  acid.  Chlorinated  acetic  acids  were  ob- 
tained when  hydrochloric  acid  was  substituted  for  sulphuric  acid. 
Glycol,  in  sulphuric  acid,  gave  trioxy methylene,  glyceric  acid, 
formic  acid  and  an  isomeric  glucose.  Glycerol  yielded  formic  and 
acetic  acids,  together  with  glyceraldehyde.  Chloral  hydrate,  in 
presence  of  sulphuric  acid,  with  a  diaphragmed  cell  yielded  chlo- 
rine and  acetaldehyde.  The  hexahydric  alcohols  and  sugars  gave 
products  similar  to  those  obtained  from  glycerol.  Thus,  grape 
sugar  was  resolved  into  carbon  dioxide,  carbon  monoxide,  trioxy- 
methylene,  and  saccharic  acid. 

Now  turn  with  me  to  the  aromatic  series.     It  is  here  that  stable 
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nitro-derivatives  flourish,  so  to  speak,  and  in  the  reducing  side  of 
the  curreut  chemists  possess  a  means  of  attacking  these  bodies 
most  energetically.  Let  us  take  nitrobenzene  as  the  particular 
subject  for  consideration.  That  this  yields  azobenzene,  when  it  is 
reduced  in  an  alkaline  solution,  and  aniline  in  an  acid  solution, 
are  well  established  facts.  Does  this  hold  true  when  the  electric 
current  is  the  agent  of  reduction  ? 

The  reply  to  this  inquiry  divides  itself.  In  an  alkaline  solution 
azobenzene  and  hydrazobenzene  are  formed.  In  an  acid  solution 
the  picture  is  different  from  that  which  is  generally  supposed  to 
represent  the  course  of  the  reduction,  for  Gattermann  found  p-am- 
idophenol.  The  explanation  given  for  the  presence  of  this  body 
is  that  when  the  current  reduces  nitrobenzene  the  first  product  is 
phenylhydroxylamine,  CgH^NH-OH,  and  that  the  sulphuric  acid 
present  rearranges  this  compound  into  p-amidophenol.  Aniline 
was  invariably  found  with  the  latter  body.  This  led  Elbs  to  sub- 
ject the  process  to  a  more  careful  and  critical  study.  Gattermann 
considered  that  the  sulphuric  acid  figures  very  seriously  in  the  re- 
duction. Indeed,  he  thought  that  it  played  a  triple  role,  as  it 
conducted  the  current,  occasioned  the  molecular  rearrangement, 
and  served  as  the  solvent.  The  question,  which  naturally  sug- 
gested itself  to  the  inquiring  mind  was,  could  the  quantity  of  this 
reagent  in  any  manner  modify  the  course  of  the  reaction?  Could 
it  affect  the  yield  of  the  several  substances?  So  it  was  proposed 
10  substitute  acetic  acid  of  varying  concentration.  The  yield 
grew  larger  but  that  of  the  aniline  increased  with  the  increased 
amount  of  p-amidophenol.  Evidently,  then,  aniline  could  not  be 
considered  in  this  reduction,  by  the  current,  as  a  secondary,  but 
rather  as  a  normal  product.  A  kathode  of  lead  was  substituted 
for  that  of  platinum,  and  strangely  enough  the  quantity  of  aniline 
became  greater.  Was  it  possible  that  the  aniline  was  due  to  a 
secondary  reduction  of  the  p-amidophenol?  Qr  are  the  lead  elec- 
trodes responsible  for  the  direct  reduction  of  nitrobenzene  to  ani- 
line? Experiments,  made  to  test  the  first  point,  demonstrated 
that  p-amidophenol,  when  operated  upon  with  the  conditions  as 
before,  was  not  reduced  to  aniline.  After  much  search  it  was 
found  that  p-amidophenol  and  aniline  were  produced  in  equal  pro- 
portions with  platinum  electrodes,  by  prolonging  the  period  of 
action.  Therefore,  it  must  have  been  the  spongy  lead  which 
effected  the  reduction  of  the  nitrobenzene  to  aniline.     Gattermann 
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remained  firm  in  his  view  that  nitrobenzene  was  first  reduced  to 
phenylhydroxylamine,  which  in  turn  became  p-amidophenol,  and 
contended  that  the  latter  ought  to  be  obtained  entirely  free  from 
aniline.  However,  azoxybenzene  had  also  been  detected  in  the  re- 
duction mass,  and  naturally  the  thought  followed  that  possibly  the 
p-amidophenol  was  derived  from  it.  The  equation  which  I  add  will 
explain  this  reasoning : 


NOo  N     —      N  N      =      N 


NH,  NHo 


OH. 

Observe,  by  adopting  this  idea  of  the  reduction  we  can  plainly 
comprehend  the  presence  of  both  aniline  and  p-amidophenol.  Ex- 
periment alone  could  decide  whether  this  was  the  true  course.  Ac- 
cordingly nitrobenzene  and  azoxybenzene  were  electrolyzed  under 
simihir  conditions.  The  first  gave  an  ubundant  yield  of  p  amido- 
phenol,  while  scarcely  any  of  it  was  obtained  from  the  azoxyben- 
zene. The  evidence,  therefore,  strongly  favored  Gattermann's 
original  conception,  viz.  :  that  the  p-amidophenol  had  its  origin  in 
the  phenylhydroxylamine — the  intermediate  product.  The  question 
continued  to  interest  chemists  to  such  a  degree  that  Lob  suspended 
nitrobenzene  in  fuming  hydrochloric  acid  or  in  alcoholic  hydro- 
chloric acid,  or  in  mixtures  of  hydrochloric  acid  and  acetic  acid, 
and  reduced  it  electrolytically.  The  products  were  p-  and  o  chlo- 
ranilines.  The  corresponding  bromanilines  were  obtained  when 
hydrobromic  acid  was  used.  Lob  and  Gattermann  concluded  then 
that  the  reduction  was  correctly  represented  in  the  following 
equations : 

1.  CgH^NOs  +  4H  -f-  HCl  =  CflH5NHCl+  2H2O, 

2.  CsH.NHCl  =  CcH^Cl  NH2 

o-and  p-anlllne. 
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While  with  Elbs  tlie  course  of  reduction  would  be  representpd 
in  this  manner : 

1 .  C,H,N02  +  H  J  =  CeHj N  —  N  —  CeH,  +  HjO. 

/\ 

2.  CeH^  —  N  —  N.CeH^  =  CeHJ^  =  N.CeH^.OH 

3.  CeH,— N  =  N.CeH^OH  -|-  2HCI  =  CeH^NHCl  +  HClNCeH40H 

CeH.ClNH        CeH3(()H)Cl.NHa 

—  a  +  b 

A  second  body  (b)  chloramidophenol  should  be  produced  if  the 
view  of  Elbs  was  correct.  It  was,  however,  at  no  time  discovered 
in  the  reaction  mass,  thus  afifording  additional  evidence  of  tbe 
con*ectness  of  ttie  first  idea.  It  is  not  necessary  for  me  to  submit 
all  the  evidence  pointing  to  the  presence  of  the  extremely  unstable 
intermediate  compound  CsHsNUCl,  which  rearranged  itself  into  the 
chloranilines.  Enough  to  know  that  it  is  very  convincing  and  has 
been  further  corroborated  by  the  isolation  of  the  body  CgHsNCl. 
CO.CHg,  observed  by  Bender. 

Gattermann,  seeking  further  support  for  his  views,  introduced 
benzaldehyde  into  the  reduction  mixture  at  the  very  outstart.  He 
obtained  benzylidene  hydroxylamine,a  condensation  product  pre- 
viously prepared  by  Bamberger  upon  mixing  benzaldehyde  and 
phenylhydroxylamine  : 

O 

/\ 
CeHaNH.OH  +  CeHfi.CHO  =  CeH^.N.       CHCeH,  +  HjO. 

Further,  o-nitrotoluene  and  benzaldehyde  gave  benzylidene-o-tolyl 
hydroxylamine,  and  m-  and  p-nitrotoluones  the  corresponding  bod- 
ies, thus  completely  establishing  the  point  under  discussion.  The 
reduction  of  nitro  ketones  gave  the  exi)ected  derivatives  of  p-ami- 
dophenol,  e.  ^.,  m-nitroacetophenone  yielded  amido-oxyacetophe- 
none — 

NH2 

NOAH4COCH.,  =    I  I   CO.CH3  . 


=0 


OH 

A.  A.  A.  S.  VOL.  XLVn  13 
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Similar  results   were  realized  with  m-nitrobenzophenone  and  with 
m-nitrophenyl-p-tolyl  ketone. 

Time  forbids  more  than  mere  mention  of  Lob's  reduction  of  the 
three  nitrobenzoic  acids  and  the  theory  he  has  proposed  in  expla- 
nation of  their  reduction  ;  the  hydrogenizing  of  pyridine  with  the 
production  of  piperidine ;  the  obtainmeut  of  pipecoline  from  pico- 
line  ;  the  probable  reduction  of  all  the  higher  homologues  of  pyri- 
dine ;  the  conversion  of  quinoline  into  its  telrahydride  and  a 
trimolecular  dihydroquinoline ;  that  of  quinaldine  to  its  tetrahy- 
dride  and  a  trimolecular  dihydroquinaldine ;  Noyes  and  Dorrance's 
reduction  of  nitro-bodies  containing  substituents  in  the  para- posi- 
tion, as  well  as  the  reduction  of  p-nitro-benzoic  acid  in  acid  so- 
lution by  Noyes  and  Clements ;  Ahrens*  efforts  to  reduce  niiriles 
to  primary  amines ;  the  conversion  of  eugenol  into  isoeugenol  and 
the  electrolytic  oxidation  of  the  latter  to  vanilline ;  Elbs'  oxidation 
of  p-nitrotoluene  to  p-nitrobenzyl  alcohol ;  that  of  nitrosopiperi- 
dine  to  dipiperidyl ;  that  of  the  toluene  sulphonamides  to  benzoic 
sulphinides  with  the  formation  of  saccharin,  and  finally  the  reduc- 
tion of  certain  oxy-acids  to  dyes  of  great  value. 

My  story  is  now  told  and  it  only  remains  for  me  to  acknowledge 
my  deep  indebtedness  to  the  various  writers  upon  electrochemistry, 
whose  thoughts  and  words  I  have  freely  drawn  upon  and  utilized 
in  preparing  this  very  incomplete  sketch  of  what  must  be  regarded 
as  merely  the  beginnings  of  the  electrolysis  of  organic  bodies.  I 
feel,  however,  that  you  will  grant  that  they  have  been  most  fruit- 
ful, and  are  indeed  highly  suggestive.  It  would  be  presumption 
on  my  part  to  suggest,  for  I  am  satisfied  many  new  thoughts  have 
come  to  you  in  listening  to,  as  they  have  to  me  in  preparing,  this 
review,  and  to  them  will  be  added  many  more  if  we  will  but  exper- 
iment in  the  field  now  opening  to  us. 

I  know  of  no  more  fitting  conclusion  to  these  imperfect  and  frag- 
mentary paragraphs,  than  the  words  of  Michael  Faraday,  truly  a 
father  of  electrochemistry,  who  said  : 

"  It  is  the  great  beauty  of  our  science  .  .  .  that  advance- 
ment in  it,  whether  in  degree  great  or  small,  instead  of  exhausting 
the  subjects  of  research,  opens  the  doors  to  future  and  more  abun- 
dant knowledge,  overfiowing  with  beauty  and  utility  to  those  who 
will  be  at  the  ...  .  pains  of  undertaking  its  experimental 
investigation." 
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Read  by  L.  A.  Fischeh,  U.  8.  Coast  and  Geodetic  Survey,  Washing- 
Ion,  D.  C. 


Some  new  forms  of  apparatus.      By   J.  M.   Pickel,  University  of 
Alabama,  Tuscaloosa,  Ala. 


A  NEW    apparatus  FOR   DETERMINING  THE  RELATIVE  VISCOSITY  OF    THICK 

oils  ani>  SOFTNESS  OF  PLASTIC  MATTER.      By  A.  W.  Dow,  Washing- 
ton, D.  C. 


ViscosiMETER.    By  p.  H.  CoNRADSEN,  St.  Paul,  Minn. 
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ANALYTICAL    CHEMISTRY. 
(In  charge  of  P.  de  P.  Rickett8»  Colnmbla  Unlyersity,  N.  T.) 


Thr  influenck  of  tempeuaturr  upon  the  s^kcific  rotary  power  of 
8UCU08E.  By  W.  II.  Wiley,  U.  S.  Department  of  Agriculture, 
Washington,  D.  C. 


The  drtkrmination  of  water  and  coke  in  coal.      By  W.  A.   Notes 
and  N.  M.  AusriN,  Rose  Polytechnic  Institute,  Terre  Haute,  Ind. 


Notes  on  the  determination  of  water  in  coal.     By  W.  E.  Hille- 
BRAND,  U.  S.  Geological  Survey,  Washington,  D.  C. 


Analysis  ok  mixed  acids.     By  Chas.  E.  Munroe,  Columbian  Univer- 
sity, Washington,  D.  C. 


A    SIMPLE    COLOR  REACTION    FOR    THE    DETECTION  OF    METHYL    ALCOHOL. 

By  Samuel  P.  Mulliken  and  Heyward  Scudder,  Mass.  Institute  of 
Technology,  Boston,  Mass. 

This  test  is  based  on  the  oxidation  of  methyl  alcohol  to  formic  alde- 
hyde, and  the  conversion  of  the  latter  compound  into  a  red  coloring  mat- 
ter by  the  action  of  sulphuric  acid  and  resorcln.  It  can  be  very  quickly 
carried  out,  and  gives  satisfactory  results  even  in  rather  dilute  solu- 
tions, and  In  the  presence  of  many  organic  compounds. 

[This  paper  will  be  printed  in  the  Araer.  Chem.  Journal.] 


Dbtection  of  the  nitro  group  in  organic  compounds.  By  Samurl 
P.  MuLLiKKN  and  E.  R.  Barker,  Mass.  Institute  of  Technology, 
Boston,  Mass. 

The  tests  heretofore  proposed  for  the  detection  of  the  nitro  group  all 
lack  that  directness  and  certainty  that  are  to  be  desired  in  a  qualitative 
reaction,  or  arc  of  limited  applicability.  It  is  found  that  reduction  of  the 
nitro  to  the  hydroxylamin  grouping  is  a  reaction  that  easily  lends  itself  to 
the  detection  of  nitro  compounds  of  the  most  diverse  types.  The  forma- 
tion of  rosanillne  from  aniline-red  oil,  iron,  hydrochloric  acid  and  nitro 
compounds  is  another  useful  qualitative  reaction,  though  it  is  less  reliable 
than  the  preceding  test. 

[This  paper  will  be  printed  in  the  Amer.  Chem.  Journal.] 
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Elkctrolytic  determination  of  tin  in  tin  orks.      By  E.   D.  Camp- 
BKLL  and  E.  C.  Champion,  University  of  Michigan,  Ann  Arbor,  Mich. 

The  ore  is  decomposed  by  two  fusions  with  sodlnm  carbonate  and  sul- 
phur and  the  solutions  of  sodium  sulpho-stannate  filtered  off.  The  stannic 
sulphide  produced  by  adding  excess  of  hydrochloric  acid  Is  oxidized  by 
means  of  sodium  peroxide  to  stannic  chloride  from  which  the  tin  is  depos- 
ited electrolytically  after  transposing  into  the  double  ammonium  oxalate. 
The  manipulations  are  simpler  than  In  the  methods  now  In  use  and  the 
results  are  very  accurate. 


The  determination  of  undigested  fat  and  casein  in  infant  feces. 
By  Herman  Poole. 


New  method  for  thk  determination  of  zinc.    By  A.  C.  Langmuir, 
New  York,  N.  Y. 


Note  on  determination  of  arsenic  in  glvckrine.   By  A.  C.  Langmuir. 
New  York,  N.  Y. 


The  kstimation  of  iron  and  aluminum  in  natural  phosphates.  By 
H.  W.  Wiley  and  F.  P.  Vmtch,  U.  S.  Department  of  Agriculture, 
Washington,  D.  C. 


THE  TEACHING  OF  CHEMISTRY. 
(Under  the  leadership  of  F.  P.  Vknable,  University  of  North  Carolina.) 


Some  dangers  of  tub  abusk  of  formulas.     By  F.  P.  Venable,  Uni- 
versity of  North  CaroUna,  Chapel  HIU,  N.  C. 

When  Thomson  made  his  memorable  visit  to  Dalton  In  Manchester, 
nearly  one  hundred  years  ago,  and  was  shown  the  system  of  symbols  by 
which  Dalton  hoped  to  make  clear  his  Ideas  as  to  atoms  and  their  combi- 
nations, he  was  enthusiastic  In  his  expressions  as  to  the  future  usefulness 
of  such  a  system.  And,  although  the  system  was  clumsy,  and  Inadequate 
to  the  task  of  properly  representing  the  great  mass  of  chemical  facts.  It 
contained  the  valuable  Idea  of  graphic  representation,  which  was  to  be 
Ingeniously  developed  by  later  masters  of  the  science. 
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It  was  through  Berzellus  next  that  chemical  symbols  were  made  simpler 
and  clearer,  and  so  manifest  was  their  usefulness  that  they  speedily  claimed 
the  further  additional  advantage  of  universal  acceptance.  Local  accept- 
ance only,  the  use  by  chemists  of  one  nationality,  or  by  the  followers  of  one 
master,  would  have  proved  a  most  serious  bar  to  the  advancement  of  the 
science.  We  can  imagine  th«;  confusion  which  would  result  from  many 
different  systems  at  present,  but  happily  such  a  picture  exists  in  the  im- 
aginatiou  only.  The  science  has  one  universal  language  of  symbols 
which  those  of  every  tongue  can  read  and  understand.  The  advantages 
of  such  a  system  need  not  be  dwelt  upon.  I  purpose  rather  pointing  out 
a  few  possible  dangers  and  abuses. 

The  simple  application  of  symbols  in  the  time  of  Berzellus  has  become 
more  complicated  as  the  science  has  developed  and  the  knowledge  of  both 
composition  and  constitution  of  chemical  bodies  has  increased.  Intended 
at  first  to  represent  elements  and  single  compounds,  the  symbols  have 
been  developed  into  complex  formulas  and  these  have  been  united  into 
algebraic  equations  in  the  effort  to  make  them  represent  as  much  as  pos- 
sible of  the  knowledge  so  laboriously  acquired  by  multiplied  experiments. 
It  has  become  in  truth  the  short-hand  system  of  chemistry. 

While  its  great  usefulness  is  not  to  be  underestimated,  the  limitations 
of  the  system  should  be  duly  recognized.  In  the  first  place,  it  can  only 
partially  represent  the  mathematical  relations  of  the  science.  Again,  there 
is  no  mode  of  indicating  in  an  equation  the  physical  forces  which  always 
accompany  chemical  reactions.  These  relations  are  of  especial  Importance 
and  yet  there  is  no  adequate  mode  of  expressing  them.  It  is  questionable 
how  far  such  important  relations  ns  the  electro  chemical  and  those  of 
chemical  affinity  itself  can  be  deciphered  from  them.  Certain  it  is  that 
the  best  constructed  equation  frequently  represents  only  one  of  many 
reactions  occurring  at  the  same  time  and  under  the  same  conditions  and 
there  is  no  way  of  indicating  these  conditions.  Often  an  equation  upon 
which  much  stress  is  laid,  especially  in  organic  chemistry,  is  really  a  sec- 
ondary and  subordinate  one  and,  since  this  is  not  to  be  indicated  by  the 
formula,  the  student  may  be  misled. 

Such  questions  as  whether  all  of  these  more  or  less  desirable  matters 
can  ever  be  represented  by  any  system,  or  whether  the  present  system  is 
not  the  most  perfect  which  we  can  hope  for,  do  not  come  within  the  field 
of  the  present  discussion.  It  is  sufficient  to  point  out  that  the  system  is 
not  flawless.  We  must  all  acknowledge  that  it  is  indispensable  to  chemists 
and,  being  somethiuir  more  than  a  mere  short-hand  system,  greatly  aids 
him  in  his  work.  For  these  reasons  all  young  chemists  must  be  properly 
initiated  and  inducted  into  the  mysteries  of  the  .system  so  that  they  too 
may  belong  to  the  great  order  of  the  illuminati. 

The  great  value  of  symbols  and  formulas  in  teaching  chemistry  is  not 
to  be  questioned.  Their  use  is  essential  in  giving  a  quick  grasp  and  a 
clear  mental  picture  of  what  takes  place ;  but  abuse  of  them  is  quite  pos- 
sible and  I  will  briefly  point  out  some  of  the  dangers  which  lie  in  this 
direction.    It  must  be  constantly  borne  in  mind  that  these  formulas  do  not 
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constitute  the  science  of  chemistry  bat  are  merely  an  abbreviated  mode  of 
stating  some  of  the  facts  while  many  others  do  not  admit  of  such  brief, 
graphic  representation.  So  much  stress  is  sometimes  laid  upon  these 
symbols  and  so  much  store  set  upon  their  manipulation,  that  the  student 
gathers  the  impression  that  he  knows  and  understands  much  of  the  science 
when  he  can  glibly  rattle  off  a  few  of  them ;  and  he  devotes  much  time  to 
memorizing  certain  of  them,  whicli  time  would  far  better  be  spent  in  an 
attempt  at  grasping  the  great  science  itself. 

It  has  occurred  to  me  that  it  might  be  profitable  to  emphasize  the  fol- 
lowing dangers  of  abuse : 

i.  Tf^  danger  of  methodism.  This  is  a  danger  common  to  much  of 
the  elementary  teaching  of  the  day.  We  have  of  late  years  many  Schools 
of  Methods  established  all  over  the  country.  These  have  their  value  in 
so  far  as  they  tell  how  knowledge  may  be  imparted  in  an  orderly,  sys- 
tematic, methodical  manner  but  great  care  must  be  exercised  lest  the 
method  should  be  magnified  above  the  knowledge  and  the  student  go  away 
with  the  empty  method  alone.  I  have  known  such  schools  where  the 
whole  subject  was  made  ridiculous  by  extended  dissertations  upon  the 
proper  posture  of  the  child  in  reciting,  or  in  drinking  water,  or  some  equal- 
ly subordinate  matter,  where  the  time  at  command  was  too  valuable  for 
more  than  brief  mention  of  such  details.  And  so  we  can  all  doubtless 
recall  text-books  on  chemistry  where  large  space  is  given  to  the  arrange- 
ment, manipulation  or  completion  of  formulas  and  equations.  Sometimes 
they  are  placed  before  the  pupil  like  a  dissected  map  or  puzzle,  shaken 
together  or  with  some  missing  member  to  be  supplied;  certainly  giving 
him  one  false  Idea,  that  such  equations  are  to  be  worked  out  with  pencil 
and  paper  where  the  effort  should  be  to  Impress  upon  him  the  knowledge 
that  such  equations  are  only  legitimate  when  the  result  of  actual  experi- 
ments and  when  proved  In  every  particular  by  direct  trial.  Such  juggling 
with  formulas  may  Induce  a  certain  Ingenuity,  but  may  also  be  positively 
harmful  so  far  as  the  acquiring  of  true  knowledge  is  concerned. 

2.  The  mathematical  danger.  The  effort  at  placing  chemistry  upon 
a  mathematical  basis  and  so  making  of  it  a  true  science,  according  to  the 
German  definition.  Is  a  laudable  one;  but  this  end  is  not  to  be  attained  by  a 
multiplication  of  problems  based  upon  the  time-honored  rule  of  three  and 
the  simple  algebraic  equations  made  use  of  in  chemical  problems.  Enough 
of  this  sort  of  mathematical  work  should  be  given  to  make  clear  the 
great  underlying  laws  of  chemistry  —  the  indestructibility  of  matter,  the 
constancy  of  combining  proportions,  etc.  Beyond  this,  harm  may  be  done 
to  some  minds  not  mathematically  Inclined.  A  bright.  Ingenious  mind 
may  revel  in  some  of  the  abstruse  and  difficult  problems  which  have  been 
based  on  this  rule  of  three  wlille  other  minds  may  be  frightened  and  con- 
fused. There  is  a  temptation  to  a  bright,  mathematically-inclined  teacher 
to  udd  to  these  problems  and  exercises,  but  I  maintain  that  In  such  case 
he  Is  attempting  to  teach  mathematics  and  not  chemistry. 

3,  The  mechanical  danger.  Many  have  seen  this  danger  and  given 
forth  no  uncertain  note  of  warning  against  it.  In  graphically  represent- 
ing formulas,  especially  those  of  organic  bodies,  our  mechanical  limita- 
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tlons  are  such  that  there  can  be  no  adequate  plctare  given.  Much  most 
be  left  to  the  imagination.  The  effort  is  only  to  give  an  untline  or  a 
few  points  npon  which  to  hang  the  mental  pictnre.  Bat  yonng  minds  are 
so  hopelessly  matter-of-fact  at  times  —  and  one  of  the  most  difficult  of 
tasks  is  to  transfer  the  vision  of  your  imaginntionupon  the  mental  retina 
of  others.  In  the  first  place  there  is  the  blackboard  with  its  plane  sur- 
face and  the  hard  chalk-lines.  You  are  endeavoring  to  give  a  picture  of 
some  collection  of  wonderful  symmetrical  atoms  bound  together  by 
strange  invisible  emanations  of  force  and  endowed  with  marvellous' 
properties  and  powers.  How  can  you  hope  to  do  it  with  such  means? 
How  can  you  devise  mechanical  means,  —  balls,  strings,  or  rubber  mon- 
strosities which  will  properly  aid  you? 

And  yet  these  mechanical  aids  are  helpful,  for  mere  word  painting  is 
far  too  vague  for  the  purpose.  Only  beware  lest  the  idea  be  given  that 
your  rubber  or  glass  toys  or  scratches  on  the  board  really  look  like  the  in- 
comparable atoms  themselves,  and  that  chemical  force  displayed  between 
them  closely  resembles  a  connecting  wire,  or  a  bit  of  glass  tubing,  or  a 
white  streak  of  chalk  powder. 

4.  The  danger  of  idolatry.  To  my  mind,  next  to  the  achievement 
of  language,  the  fully  worked-out  formula  for  a  complex  organic  body 
represents  the  most  wonderful  accomplishment  of  the  human  mind.  It 
is  the  result  of  years  of  toilsome  experiment,  of  high  theorizing,  of  in- 
genious logic.  It  is  a  building  erected  by  some  skilled  artificer  upon  the 
delicate  handiwork  of  other  master  workmen,  all  resting  on  the  founda- 
tion stones  of  the  science  laid  with  infinite  care  and  labor.  It  is  a  mighty 
epic  to  man*s  capacity  for  faitliful  toil,  for  self-sacrificing  cooperation,  for 
concentration  of  thought,  for  ingenuity  of  eye  and  hand  and  brain,  and 
to  his  love  for  and  deep  yearning  after  the  truth. 

Yet,  with  all  this  granted  as  true,  do  not  let  us  fall  down  before  our 
formula  and  worship  it.  Humanum  est  errare.  The  worship  of  that 
which  may  desert  us  in  the  time  of  need  is  apt  to  lead  to  an  unfruitful 
and  unhappy  skepticism.  Be  prepared  to  erect  another  more  beautiful, 
because  truer,  building,  if  the  first  is  overthrown.  It  is  truth  that  we 
seek  after  and  the  building  of  our  hands  cannot  be  truth  itself  but  at 
best  only  its  fit  temple. 

I  hope  I  shall  not  be  misunderstood  in  what  I  have  said  about  these 
dangers.  I  am  not  an  iconoclast,  but  only  plead  for  conservatism  and 
moderation. 


The  teaching  of  OkOANic  chkmistry.    By  Iha  Rkmsbn,  Johns  Hopkins 
University,  Baltimore,  Md. 


The  teaching  of  industrial  chemisi-ry.     By  Edward  Hart,  Lafayette 
College,  Easton.  

The  teaching  of  analytical  chemistry.    By  Wm.  L.  Dudley,  Van- 
derbilt  University,  Nashville,  Tenn. 
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INOUGANIC  CHEMISTRY. 
(Under  the  leadership  of  H.  L.  Wells,  Yale  Unlverelty,  New  Haven,  Conn.) 


History  op  doubi^  salts.     By  Horack  L.  Wells,  Yale  University,  New 
Haven,  Conn. 

Thb  recent  work  on  double  halogen  salts  was  mentioned.  Attention  was 
called  to  the  fact  that  the  laws  governing  this  class  of  compounds  seem 
very  intricate.  For  example,  the  chlorides  do  not  always  correspond  to 
the  bromides  and  iodides,  and  the  double  halides  of  closely  related  metals 
often  differ.  However,  the  law  of  simplicity  of  types  seems  very  general, 
and  it  was  pointed  out  that  the  types  of  double  halogen  salts  with  alkali 
metals  and  more  negative  metals  are  very  similar,  whether  the  latter  be 
univalent,  bivalent,  tiivalent,  or  quadrivalent.  In  this  comparison,  a  type 
is  understood  as  a  definite  ratio  between  the  atoms  of  the  two  metals. 


Thk  alkaline  keaction  of   certain   natural  silicates.     By  F.   W. 
Clarke,  U.  S.  Geological  Survey,  Washington,  1).  C. 


The  action  of  soft  waters  on  metals.     By  Ellen  H.  Richards  and 
Willis  R.  Whitney,  Mass.  Institute  of  Technology,  Boston. 


Fekrous  iodide.    By  C.  Loking  Jackson  and  I.  H.  Dekby. 

Preparation,  analyses  and  properties  of  Fel^. 

[To  be  published  in  the  American  Chemical  Journal.] 


The  action  of  chromic  acid  on  hydrogen.  By  Chas.  L.  Rekse, 
Johns  Hopkins  University,  Baltimore,  Md. 

Ludwig  showed  (Ann.  Chem.  (Lieblg)  162,  47)  that  chromic  acid  oxi- 
dizes hydrogen  in  the  presence  of  gypsum  balls  at  ordinary  temperatures, 
and  from  this  experiment  he  made  the  general  statement  that  hydrogen 
is  readily  oxidized  by  saturated  solutions  of  chromic  acid.  The  work  here 
described  confirms  Ludwig's  work,  but  shows  that  hydrogen  is  not  oxi- 
dized by  saturated  solutions  of  pure  chromic  acid  when  agitated  together 
in  sealed  tubes  for  a  long  time  or  even  witli  the  addition  of  from  one  to 
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ten  per  cent  by  volume  of  concentrated  sulphuric  acid.  In  presence  of 
platinized  asbestos  oxidation  however  takes  place. 

At  temperatures  above  130^  Centigrade,  hydrogen  is  oxidized  and  at 
the  same  time  saturated  solutions  of  chromic  acid  give  up  oxygen.  At 
temperatures  below  130°  the  volumes  of  hydrogen  oxidized  and  oxygen 
evolved  were  so  small  that  the  work  will  have  to  be  continued  to  deter- 
mine whether  or  not  they  were  due  to  error  of  experiment.  The  woric 
seems  to  point  to  the  fact  that  hydrogen  is  not  oxidized  by  chromic  acid 
till  a  point  of  temperature  is  reached  at  which  oxygen  is  given  off  from 
a  solution  of  chromic  acid  In  air. 

[To  be  published  In  the  American  Chemical  Journal.] 


USK  OF  THE  KLKCTKIC  CURRENT  IN  FORMING   ALUMS.      By  J.  L.   HOWK,  and 

E.  A.  0*Neal»  Washington  and  Lee  University,  Lexington,  Va. 

Formation  of  iron,  aluminum  and  cobalt  alums  by  the  el«»ctrlcal  current, 
with  descriptions  of  several  new  alums  (Rb  and  Cs),  and  unsuccessful 
attempts  to  form  manganese  and  ruthenium  alums  in  the  same  way. 

[To  be  published  in  the  Journal  of  the  American  Chemical  Society.] 


The  coi.ok  of  sulphur  in  the  gaseous  state.     By  J.  L.  Howe  and 
S.  G.  Hamnkr,  VVashington  and  Lee  University,  Lexington,  Va. 

Expeuimknts  to  determine  the  real  color  of  this  vapor  so  variously 
given  in  textbooks. 


A  STUDY  OF  THE  TELLURiDES.    By  Cabbll  WHITEHEAD,  Treasury  Depart- 
ment, Washington,  D.  C. 


Magnetic  feruic  otide.    By  W.   L.  Dudley,  Vanderbilt  University, 
Nashville,  Tenn. 


The  action  of  various  bases  on  metallic  arsenites.      By  C.  Wel- 
UNGTON,  Amherst,  Mass. 
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A  NEW    AND  DELICATE  TEST  FOR  NICKEL.      By  O.  C   JOHNSON,  AdD  ArbOF, 

Michigan. 

The  solution  of  cobalt  and  nickel  Is  treated  on  the  water  bath  with 
sodium  carbonate  and  bromine. 

After  thorough  washing  the  resulting  cobaltic  and  niclcelic  hydroxides, 
are  treated  with  hot  potassium  iodide. 

The  liberation  of  iodine  indicates  nickel. 

This  test  is  exceedingly  delicate  and  characteristic.  In  fact  none  of 
the  ordinary  metals  interfere  except  lead,  the  peroxide  of  which  also  lib- 
erates iodine. 


A  NKW  METHOD  OF  STAND  AH  DIZINO   HYDROCHLORIC  ACID.      By  F.  K.  CaM- 

ehon  and  J.  A.  Emery,  Cornell  University,  Ithaca,  N.  Y. 


ORGANIC  CHEMISTRY. 
(Under  the  leadership  of  Ira  Hemsen,  Johns  Hopkins  University,  Baltimore,  Md.) 


On  the  sulphur  compounds  and  unkaturatkd  compounds  in  Canadian 
PKTROLKUM.  By  C.  F.  Mabkuy  and  W.  O.  Qiayle,  Case  Scientific 
School,  Cleveland,  Ohio. 

Wk  have  separated  from  Canada  petroleum  a  series  of  unsaturated 
hydrocarbons,  C7,  Cg,  Cj>,  C,  o»  and  a  series  of  sulphur  compounds  of  the 
general  composition  Cn  HznS,  C9,  C,o»  C,,,  C,2,  C13,  C,4,  etc.,  and  de- 
termined their  composition  by  analysis ;  from  some  of  these  bodies  sul- 
phoxldes  have  been  formed,  Cq  H^n  SO^ 


On  the  composition  of  commekoiai.  paraffinr  and  the  higher  constit- 
uents OF  Pe.n'nsylvania  petrolkum.  By  C.  F.  Mabery,  Case  Scien- 
tific School,  Cleveland,  O. 

These  constltutents  have  been  separated  by  distillation  in  vacuo,  ana- 
lyzed and  In  part  the  molecular  weights  determined,  of  the  series  CH«n+2  • 
The  following  members  have  been  separated  :  C,*  H3o,Cia,Cij,Ci7,  C,8, 
C,9,  CiQ.  Of  the  higher  members  a  complete  series  has  been  separated 
iind  analyzed,  bat  the  difficulties  In  the  way  of  determining  the  molecu- 
lar weights  have  not  been  entirely  overcome. 
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On  the  constituents  of  California  pktrolbum.    By  C.  F.  Mabkry 
and  E.  J.  Hudson,  Case  Scientific  School,  Cleveland,  O. 

In  continuing  our  ^tudy  of  these  petroleums  from  different  sources,  we 
find  a  great  variation  in  composition.  Some  contain  a  very  large  pro- 
portion of  aromatic  hydrocarbons,  as  benzol,  toluol,  xylols,  etc.,  and  with 
smaller  amounts  of  naphthenes ;  while  others  contain  less  aromatic  hy- 
drocarbons, but  consist  largely  of  naphthenes. 


Some  kxpekimenth  on  thk  addition  of  hydrogen  to  acetylene.    By 
C.  F.  Mabkry  and  H.  L.  Schrom,  Case  Scientific  School,  Cleveland,  O. 

All  our  results  were  negative,  and  we  tried  sodium  amalgam,  metallic 
aluminum,  zinc  and  sulphuric  acid,  electrolysis,  passing  acetylene  into 
the  decomposing  cell. 

We  also  passed  acetylene  over  platinum  sponge,  mixed  with  hydrogen. 
We  also  tried  the  action  of  zinc  and  sulphuric  acid  on  acetylene  copper, 
with  unsatisfactory  results. 

We  find  that  ethylene  is  absorbed  by  sulphuric  acid  even  at  160°-170® 
with  extreme  slowness. 


Certain  peculiar  reactions  of  the  tiubromnitrobenzoi^.   By  C.  Lor- 
iNG  Jackson,  Harvard  University,  Cambridge,  Mass. 

Account  of  the  action  of  sodium  malonic  ester,  sodium  aceto-acetic 
ester,  and  sodium  etiiylate  on  tribromdinitrobenzol  and  related  substances 
with  a  view  to  determining  why  the  Br.  is  replaced  by  H.  Also  a  study 
of  the  removal  of  nitro  groups  from  these  compounds. 

[To  be  published  in  the  American  Chemical  Journal.  1 


The   propyl  phosphines.      By  Peteu  Fireman  and  E.  O.    Portner, 
•  Columbian  University,  Washington,  D.  C. 


Thk  action  of  ethers  on  phosphonium  iodide.  By  Peter  Fire- 
man and  Ernestine  Fireman,  Columbian  University,  Washington, 
D.  C. 
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Camphoric  acid:    synthesis  of  thb  neighboring  xyug  acid.      By 
W.  A.  Notes,  Rose  Polytechnic  Institute,  Terre  Hante,  Ind. 


On  tbtraphknylmbthane.    By  M.  Gomberg,  University  of  Michigan, 
Ann  Arbor,  Mich. 


Hydrazo-  and  azo-drrivatives  of  tbtraphenylmethanb.  By  M. 
GoMBKRG  and  A.  C.  Campbell,  University  of  Michigan,  Ann  Arb6r, 
Mich. 


OXYINDUIJNK  —  A  NBW   BLUE  DYBSTUFF.      By   SaMUBL  P.    MULLIKBN'  and 

W.  Kklley,  Mass.  Institute  of  Technology,  Boston,  Mass. 

This  componnd,  CjrtHi6N4  04.  is  readily  formed  by  the  action  of 
heat  on  para-amidophenoi  hydrochlorate.  It  closely  resembles  the  indu- 
lines  in  Its  reactions,  except  in  showing  phenolic  properties.  Snlphonated, 
it  is  a  fast  and  direct  blue  wool  dye. 

[This  paper  will  be  printed  In  the  American  Chemical  Journal.] 


Thr  bbnzaldoximes.     By  F.  K.  Cambuox,  Cornell  University,  Ithaca, 
N.  Y. 


Certain  alkai.oidal  pbriodidbs  and  the  volumetric   f^timation  of 

ALKALOIDS   AS   HIGHER  PRRIODIDES.      By    A.    B.    PrESCOTT  and   H.    M. 
GORDIN. 

In  continuation  of  previous  work  upon  perhalides  of  organic  bases 
(Prescott,  Gomberg,  Trowbridge  and  others,  1895-98:  J.  Am.  Chem. 
Soc,  17,  776,  859;  18,  28,  91,  831,  347;  19,  322,  658),  the  authors  have 
now  obtained  the  following,  as  compounds  of  quite  constant  composi- 
tion : 

Atropine  hydriodlde  octaiodlde,  Cit  H^a  NO^.  HI.  I« 
Strychnine  hydriodlde  hexaiodide,  Cgi  H«j  Ng  Oj.  HI.  Ig 
Brucine  hydriodlde  hexaiodide,  C  3  H^g  N«  O4.  HI.  !« 
Morphine  hydriodlde  triiodlde.  C17  Hj^  NO3.  HI.  I3 
Acouitlne  hydriodlde  hexaiodide,  C33  H45  NOi,*  HI.  I, 
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The  morphine  periodide  obtained  constant  in  the  given  conditions  is  the 
same  found  by  Jorgensen  in  1870.  The  composition  of  the  higher  period- 
ide of  aconitine  above  -written,  on  the  allcaioid  formula  of  Dunstan,  is 
given  provisionally.  The  same  conditions  insure  the  formation  of  the 
periodide  of  caffeine  obtained  by  Goml>erg  in  1896,  namely,  caffeine 
hydriodide  tetraiodide. 

The  conditions  necessary  for  these  formations  are  only  those  of  pre- 
cipitation from  quite  dilute  water  solutions  with  a  constant  excess  of 
iodine  from  first  to  last,  the  alkaloid  being  in  a  salt  or  acid  solution.  In 
such  conditions  these  are  the  highest  periodldes  tiiat  can  be  formed.  In 
precipitation  from  water  solutions  with  excess  of  the  alkuloidal  salt, 
lower  periodides  are  formed  in  case  of  atropine,  strychnine,  brucine, 
aconitine,  not  in  ca^e  of  morphine.  Some  of  these  lower  periodides  the 
authors  have  analyzed,  and  others  will  he  examined.  In  character  and 
behavior  the  periodides  of  the  vegetable  aikiilolds  agree  In  general  with 
the  perhalides  of  pyridine  and  its  more  immediate  derivatives,  as  these 
have  been  previously  studied  in  the  same  laboratory.  Also  the  reactions 
of  these  periodides  of  the  bases  of  the  pyridine  type  are  generally  the 
same  as  those  of  caffeine  pentiodide,  formed  when  caffeine  is  in  acidulated 
solution,  as  found  by  Gomberg.  And  these  bodies  are  to  be  studied  with 
perhalides  in  general,  and  with  the  question  of  what  orders  of  bases  are 
capable  of  forming  perhalides,  and  tlie  relation  of  these,  in  structure,  to 
the  double  halides.  The  production  of  a  periodide  of  bromtriphcnylme- 
thane,  about  to  be  published  by  Gomberg,  is  of  interest  as  an  organic 
perhalide  destitute  of  any  element  of  the  nitrogen  family,  as  was  also 
the  iodouium  perhalide  obtained  by  Victor  Mayer  in  1894,  and  thesulphon 
periodide  reported  in  this  country  by  Ivastle  in  the  same  year. 

The  higher  periodides  of  the  vegetable  alkaloids,  as  named  above,  are 
sufficiently  stable  to  give  very  constant  results  in  analysis,  both  for  the 
additive  iodine  and  for  that  of  the  hydriodide.  Obtained  in  crystalline 
forms  they  were  found  to  have  the  same  composition  as  the  amorphous 
precipitates  after  washing  and  drying.  In  the  volumetric  procedure, 
however,  washing  is  avoided,  an  aliquot  portion  of  the  filtrate  being 
taken.  In  which  to  titrate  back  with  the  thiosulphate  for  the  excess  of 
iodine  added.  In  this  way  is  obtained  a  very  accurate  measure  of  the 
iodine  consumed  in  supplying  the  additive  iodine  of  the  periodide.  The 
more  firmly  bound  iodine  of  the  alkaloidal  hydrtodide,  not  responding:  to 
reducing  auents,  is  supplied  by  the  iodine  of  the  potassium  iodide,  that 
of  Wagner's  reagent,  or  iodo-potassium  iodide,  always  employed.  This 
probable  explanation  of  the  reaction  of  the  precipitation  was  verified  by 
the  authors  in  a  quantitative  Investigation  at  some  length. 

The  results  of  analysis  of  the  periodides  were  found  to  be  well  sustiiiued 
by  constant  results  in  volumetric  estimation,  the  alkaloid  to  iodine  factors 
calculated  from  the  chemical  formulse  of  the  periodides  being  used  in 
every  case  for  the  volumetric  work,  with  agreement  quite  satisfactory, 
as  presented  below.  'I'he  calculation  for  each  alkaloid  was  made  upon  its 
chemical  formula,  as  given  in  a  previous  paragraph : 
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RATIO  OF  ALKA- 
LOID TO  1  OF 
IODINE. 

TOTAL  IODINE 
CALC.            FOUND. 

ADDITIVE  IODINE 
CALC,            FOUND. 

PER  CENT 
SOL. 
MADE. 

PER  CENT 
FOUND  BY 
VOL.   ANAL 

Atropine, 

79.74 

79.48   • 

70.88 

70.98 

0.60 

0.47 

0.2849 

80.13' 
79.62 

71.16 

0.40 

0.30 

0.36 
0.28 

Strychnine, 

72.66 

72.70 

62.28 

62.14 

1.000 

1.026 

0.4390 

72.64 

62.34 

0.612 

0.633 

Bmcine, 

69.21 

69.04 

69.32 

69.19 

1.000 

0.999 

0.6179 

69.04 

69.37 

0.6 

0.497 

Morphine, 

64.08 

63.80 

48.02 

48.29 

0.516 

0.626 

0.74918 

63.64 

48.44 

0.269 
0.100 

0.267 
0.105 

Aconitine 

67.85 

66.93 

49.68 

49.03 

In  the  case  of  atropine  the  authors  obtained  two  mercuric  iodides,  re- 
spectively CyHiaNOaHI.Hglj,  and  (CiTHgsNOaHOgHglx  They  can  he 
prepared  by  treating  the  periodlde  with  metallic  mercury,  and  in  other 
ways  described. 

In  ihe  volumetric  estimations,  the  iodine  solution  is  made  of  decinormal 
strength,  with  sufficient  potassium  Iodide,  and  a  corresponding  strength 
of  solution  of  sodium  thlosulphate  is  used.  To  a  known  volume,  consti- 
tuting an  excess  of  the  Iodine  solution,  a  measured  quantity  of  an  aqueous 
salt  solution  of  the  alkaloid  Is  added  gradually,  the  mixture  Is  shaken 
until  the  liquid  becomes  clear,  when  an  aliquot  part  of  all  Is  filtered  off 
and  the  excess  of  iodine  determined  by  titrating  with  the  thlosulphate  to 
an  end  reaction  with  starch. 

The  authors  have  elaborated  a  volumetric  method  of  opium  assay,  upon 
the  following  plan :  The  opium  alkaloids  are  set  free  by  action  of  ammonia 
with  certain  solvents  applied  to  the  powdered  opium.  The  free  narco- 
tlne,  paraverlne,  codeine  and  thebalne  are  then  removed  by  percolation 
with  benzene  (benzol),  after  which  the  morphine  Is  wholly  taken  out  by 
percolation  either  with  amyl  alcohol  or  with  acetone.  Hoth  the«e  solvents 
have  been  used.  The  percolation  Is  effected  well  by  admixture  of  dry 
common  salt  with  the  opium  powder.  The  solvent  Is  evaporated  from  the 
percolate  of  morphine,  and  the  residue  taken  up  with  lime  water,  whereby 
the  alkaloid  is  purified  from  color  and  other  extraneous  matters.    The 
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filtered  lime  solution  is  acidulated,  and  the  morphine  in  It  estimated  di- 
rectly as  periodide.  One  gramme  of  opium  is  quite  sufficient,  and  two  or 
more  final  titrations  can  be  obtained  from  this  quantity. 

In  the  results  of  opium  assay  by  this  method,  repeated  operations  give 
figures  agreeing  quite  closely  with  each  other.  So  far  as  compared  with 
the  pharmacopoeial  assay,  the  results  do  not  give  lower  percentages,  but 
in  some  cases  give  higher  percentages. 

Other  drug  assay  methods,  with  volumetric  estimation  of  the  alkaloid 
as  periodide,  are  in  progress  of  investigation. 

Published  in  full  in  journal  of  American  Chemical  Society,  xx,  706, 
Sept.,  1898. 


On  true  and  bis-nitroso  compounds.    By  Edward  Krbmers,  Madison, 
Wis. 

Von  Bakyer's  explanation  of  the  diffferences  of  the  menthene  nltroso- 
chloride  prepared  by  Sieker  and  Kremers  and  that  prepared  in  his  labo- 
ratory, viz.,  that  the  former  consists  of  a  simple  molecule  and  the  latter 
of  a  double  molecule  is  not  supported  by  experiment.  All  white  nitroso- 
addition  products  of  unsaturated  hydrocarbons  examined  thus  far  reveal 
a  double  molecule  in  solution,  which  double  molecule  has  a  greater  or 
lesser  tendency  (according  to  stability  as  to  temperature  or  solvent  em- 
ployed) to  dissociate  into  the  blue  simple  molecule.  In  certain  cases  com- 
plications are  brought  about  by  the  j^plitting  off  of  acid  molecules  from 
the  nitrosochlorides  or  nitrosates.  The  peculiarity  of  ether,  when  used  as 
a  solvent,  to  cau>e  the  aggregation  of  a  number  of  simple  molecules  to 
one  very  lar::e  molecule  is  another  illustration  of  an  exception  to  the  gen- 
eral rule  (as  far  as  observations  go)  mentioned  above. 

Thus  far  the  action  of  alkyl  nitrites  and  acids  on  unsaturated  compounds 
has  been  studied  primarily   from  the  standpoint  of  addition,  viz  ,  of 

I  Cl^  I  ONO  and  I  ONO  '^^^^  addition  evidently  is  but  one  phase  of 
the  reaction  now  generally  employed  in  the  preparation  of  these  com- 
pounds. Dinitrophellandrene,  nitroso-pulegone,  etc.,  may  be  mentioned 
as  exceptions. 


PHYSICAL  CHEMISTRY. 
(Under  the  leadership  of  T.  W.  Richards,  Harvard  University,  Cambridge,  Mass.) 


Progrkss  in  physical  chemistry.     By  Thkodore  W.  Richards,  in 
charge  of  Physical  Chemistry,  Harvard  University,  Cambridge,  Mass. 

In  these  days  of  far-reaching  specialization,  the  would-be  speaker  upon 
any  subject  is  between  a  new  Scylla  and  a  new  Chary bdis.  In  order  that 
his  production  should  be  comprehensible  to  those  outside  of  the  speclaky 
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it  must  almost  inevitably  be  made  boresome  to  those  wltliiu  tlie  fold ;  but, 
on  tlie  otlier  hund,  tliat  wlilcli  is  new  to  the  specialist  in  his  own  topic  is 
apt  to  be  quite  too  new  to  the  layman.  Either  popularizing  or  specializing 
is  likely  to  wreck  tlie  speaker's  purpose  by  inducing  at  least  a  part  of  his 
audience  to  slumber,  and  this  danger  is  especially  imminent  after  dinner 
on  a  hot  day  which  has  been  filled  with  mental  effort.  In  this  brief  ad- 
dress, which  Professor  Smith  has  entrusted  to  my  care,  I  shall  probably 
run  foul  of  both  obstructions;  but  this  Irregular  course  will  have  the 
great  concomitant  advantage  of  permitting  each  class  of  hearers  to  obtain 
a  few  minutes  of  much  needed  repose. 

We  are  rather  accustomed  to  look  upon  physical  chemistry  as  being  a 
very  modern  invention,  and  in  one  sense  we  are  not  wrong  in  so  doing. 
But  after  all,  many  of  the  fundamental  generalizations  of  physical  chem- 
istry are  by  no  means  recent,  and  some  of  them  are  really  old.  Leaving; 
out  of  account  the  probable  discoveries  in  the  subject  made  by  Adam  and 
Eve  in  the  garden  of  Eden,  it  Is  certain  that  the  philosophers  and  alche- 
mists were  as  much  interested  in  those  phenomena  which  lie  on  the  border- 
line between  physics  and  chemistry  as  in  those  which  were  purely  physical 
or  chemical.  Indeed,  the  sharp  line  between  the  two  subjects,  drawn  with 
so  much  emphasis  twenty  or  thirty  years  ago,  did  not  then  exist.  It  is 
interesting  to  note  thai  this  sharp  line  is  now  rapidly  being  erased ;  we 
are  realizing  more  and  more  that  the  laws  which  govern  one  class  of 
phenomena  are  applicable  also  to  the  other.  Thus  the  cosmic  working  of 
the  mind  of  man  swings  back  and  forth;  will  it  ever  come  to  rest  upon 
the  absolute  truth? 

In  the  middle  of  the  seventeenth  century,  while  this  country  was  in  an 
infantile  condition,  and  Harvard  College  was  little  more  than  embryonic, 
Robert  Boyle  discovered  his  law  relating  to  (he  contraction  of  gases 
under  pressure,— one  of  our  most  fundamental  conceptions  to-day.  La- 
voisier, before  his  tragic  death  in  the  Keign  of  Terror,  forced  upon  a 
somewhat  reluctant  world  the  idea  of  the  conservation  of  mass,— an  idea 
which  perhaps  had  been  half  assumed  by  some  before  —  and  in  so  doing 
laid  a  comer-stone  of  the  great  structure  which  was  to  follow.  Only 
a  few  years  later,  Dal  ton,  Avogadro,  Ampere,  Gay-Lussac,  Dulong  and 
Petit,  Davy  and  Faraday,  that  prince  of  pioneers,  with  others  less  famous, 
made  great  additions  to  the  world's  thought  in  a  physico-chemical  direc- 
tion. As  far  back  as  our  forties  Julius  Robert  Mayer  and  Helmholtz  had 
acquired  a  clear  grasp  of  the  conservation  of  energy,  while  the  other  great 
law  of  energy  had  been  partially  realized  by  Sadi  Carnot  two  decades  be- 
fore. Hittorf's  classical  research  on  electrolytic  conductivity,  with  Wil- 
helmy's  epoch-making  study  of  the  speed  of  a  reaction,  a  research  upon 
the  lines  laid  down  by  Wenzel  and  BerthoUet  so  much  earlier,  took  place 
over  forty  years  ago.  Only  a  decade  later  Guldberg  and  Waage  laid  down 
in  unequivocal  and  comprehensive  terms  the  fundamental  law  of  mass- 
action,  which  is  the  basis  of  Wenzel.  BenhoUet,  and  Wilhelmy*s  obser- 
vations, as  well  as  of  the  progress  and  equilibrium  of  every  other  chemical 
change. 

A.  A.  A.  8.  VOL.  XLVn  U 
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Why,  then,  with  these  foundations  laid  so  far  in  the  past,  are  we  in- 
clined to  cull  physical  chemistry  a  brand-new  structure  ?  We  all  know 
that  a  part  at  least  of  the  retarded  development  whs  due  to  thf  difficulty 
of  dealing  with  solutions,  which  seemed  anomalous  In  so  mnny  ways. 
Van't  Hofl;  by  showing  that  a  substance  in  solution  followed  many  of  the 
laws  which  would  govern  it  in  the  aeriform  state,  and  Arrhenius,  by  ex- 
plaining in  a  simple  way  the  differences  between  solutions  conducting 
electricity  and  those  which  are  non-conductors,  cleared  the  track  of  thesi? 
obstructions ;  hence,  for  the  last  ten  years  the  pace  has  been  rapid.  But 
it  seems  to  me  that  there  is  another  reason  for  tlie  tar«liness  of  the  rec- 
ognition of  the  importance  of  physical  chemistry  to  be  found  in  an  un- 
fortunate tendency  observable  someiiraes  in  both  chemists  and  physicists, 
a  tendency  which  I  am  afraid  we  must  call  prejudice.  Not  only  have  un- 
tenable theories  been  held  long  after  their  time,  but  whole  fields  of  study 
have  been  neglected  by  most  chemists  and  physicists,  because  they  lie  on 
the  borderline  betwtien  the  two  sciences. 

The  average  physicist  only  half  realized  that  one  of  the  most  important 
relations  of  his  great  new  force  electricity  is  chemical,  while  the  chemist 
does  not  always  realize  even  to  this  day  that  Wheatstone's  bridge  and  the 
telephone  are  chemical  tools  just  as  legitimate  as,  and  no  more  **  physical  '* 
than  the  thermometer,  or  the  time-honored  balance,  which  extricated  his 
predecessors  from  so  hopeless  a  slough  a  hundred  years  ago.  The  day 
is  fast  approaching,  however,  when  both  chemist  and  physicist  will  wel- 
come every  mode  of  acquiring  more  light  upon  the  absorbing  topic  wliich 
engages  them  in  common  — the  study  of  the  ultimate  laws  and  structure 
of  the  universe. 

It  is  a  pleasure  to  think  that  one  of  the  foremost  of  the  brilliant  men 
who  have  joined  in  Hdvanging  this  wished-for  end  — this  union  of  the  re- 
sources of  physics  and  chemistry  to  a  common  purpose  — since  the  last 
meeting  of  the  American  Association  has  had  his  services  recognized  and 
his  opportunity  enlarged  by  his  own  university  of  Leipzig.  Wilhelm  (>st- 
wald*s  new  laboratory  for  physico-chemical  research  Is  the  second  im- 
portant university  building  for  thin  purpose  which  has  been  erected  in 
Germany,  the  first  having  been  built  atG6ttingen  for  the  brilliant  Walther 
Nernst ;  and  the  fact  that  Ostwald  should  at  last  have  obtained  a  mate- 
rial outfit  worthy  of  his  unusual  mental  equipment  is  welcomed  with  en- 
thusiasm by  his  many  warm  friends.  We  all  know  what  a  profound  effect 
Ostwald's  surprising  book,  his  timely  Zeitschrift,  and  in  general  his  broad 
and  progressive  point  of  view,  have  had  upon  the  development  of  both 
chemistry  and  physics,  and  it  has  been  a  matter  of  some  surprise  to  many 
that  so  great  an  influence  should  have  emanated  from  a  laboratory  so  in- 
significant as  the  old  Zweitem  Laboratorium,  so-called.  The  new  build- 
ing, although  not  very  large,  is  in  many  respects  a  model;  the  architect 
and  director  of  any  kind  of  scientific  workshop  could  not  fail  to  obtain  val- 
uable hints  from  the  detailed  statement  of  it  contained  in  the  recently 
published  appendix  to  the  Zeitschrift  fiir  Physikallsche  Chemie.  What 
a  pity  that  America  should  allow  Germany  to  outstrip  us  so  far  in  devo- 
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tlon  to  the  ideals  of  pare  science  I  How  long  will  it  be  before  we  baild 
laboratories  especially  for  physical  chemistry,  or  even  in  many  colleges 
allow  a  considerable  share  of  old  bnildings  to  this  end?  And  yet  this  phys- 
ical chemistry  now  comprehends  all  of  the  field  of  theoretical  chemistry, 
except  a  certain  kind  of  reasoning  concerned  with  the  structure  of  organic 
snbstance^,  and  the  purely  chemical  part  of  the  mysterious  classification 
called  the  periodic  system  of  the  elements. 

Very  few  of  the  processes  of  nature  are  simple  in  their  proximate 
cauMCS  or  their  outward  manifestations,  however  simple  the  grand  under- 
lying principles  may  be  in  their  ultimate  essence.  The  old  maxim,  by  which 
theories  were  so  often  consciously  or  unconsciously  judged,  * 'Our  the- 
ory is  so  simple  that  it  must  be  true,"  is  a  dangerous  guide.  Geber's  old 
notion  that  the  whole  world  consists  of  sulphur  and  mercury,  and  the 
topsy-turvy  delusion  of  phlogiston  relied  iHrgely  on  this  maxim  for  sup- 
port, and  it  behooves  us  to  avoid  similar  mistalces.  When  the  ancient 
idea  of  luck  had  been  eliminated  from  scientific  reasonings,  mankind  ad- 
mitted that  every  phenomenon  Is  a  function  of  its  controlling  causes ;  but 
that  all  the  mathematical  relations  should  be  capable  of  solution,  although 
to  be  sure  only  with  the  aid  of  the  potent  modern  methods,  is  a  new  con- 
ception. In  the  old  days,  problems  in  chemistry  which  could  not  be  solved 
by  simple  arithmetic  or  at  best  by  elementary  algebra,  were  considered  in- 
capable of  quantitative  solution ;  now,  the  higher  mathematics  is  a  facile 
tool  in  thu  hand  of  many  an  eager  chemist.  Even  that  mystery  of  myste- 
ries, the  smallness  of  the  yield  in  the  preparation  of  organic  substances, 
has  a  flood  of  light  shed  upon  it  by  the  phase-rule  and  the  mass-law  I 

No  one  who  is  familiar  with  the  facts  can  doubt  that  the  mathematical 
point  of  view  will  prove  in  the  future  more  and  more  useful  to  chemists, 
as  well  as  to  the  new  physical  botanists  and  zoologists,  who  are  bringing 
it  to  bear  on  their  transcendently  recondite  problems.  These  last-named 
investigators  will  follow  in  the  footsteps  of  chemists,  as  chemists  have 
followed  in  the  footsteps  of  physicists. 

The  advance  of  the  mathematical  point  of  view  in  chemistry  has 
brought  with  it  an  entirely  new  danger,  as  well  as  a  new  field  of  power. 
The  accuracy  of  a  result  of  course  depends  upon  the  accuracy  of  the 
foundation  upon  which  the  reasoning  rests ;  and  accurate  mathematical 
processes  may  lead  to  wholly  erroneous  conclusions  if  they  are  based 
upon  incomplete  data.  In  chemistry  this  cause  of  error  is  especially 
prominent,  because  of  the  great  complexity  of  most  of  the  phenomena 
and  the  fact  that  they  are  often  modified  by  subordinate  infiueuces.  For 
this  reason  a  physicist,  used  to  simple  phenomena  and  less  complex  effects, 
is  especially  apt  when  he  deals  with  problems  allied  to  chemistry,  to  erect 
a  large  superstructure  of  mathematical  reasoning  possessing  the  sem- 
blance of  reality  upon  a  paper  foundation,  and  be  drearily  awakened  some 
fine  day  by  the  collapse  of  his  air  castle.  The  only  mode  of  guarding 
against  this  subtle  cause  of  disaster  is  to  bring  as  much  skill  into  every 
step  of  the  experimentation  as  into  the  pure  reasoning  based  upon  the  sup- 
posed facts.    Here  the  physicist  is  seriously  hampered  by  his  lack  of 
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knowledge  of  chemistry,  as  well  as  by  his  asual  repugnance  to  dealing 
with  glass  vessels  and  liquids;  while,  on  the  other  hand,  the  chemist  Is 
equally  hampered  by  his  Inbred  dislike  of  brass  instruments,  and  his  Im- 
perfect acquaintance  with  the  manipulation  of  his  new  sensitive  tools. 

In  short,  one  must  be  an  accomplished  chemist,  physicist,  and  mnthe- 
matlclan  In  order  to  attain  the  highest  results  in  modern  theoretical 
chemistry,  and  the  number  of  men  who  have  the  time  or  ability  to  acquire 
this  threefold  education  can  never  be  large.  All  honor  to  Van't  Hoff, 
Ostwald,  N crust,  and  the  others  who  come  nearest  the  high  ideal !  While 
it  is  true,  however,  that  few  men  can  hope  to  attain  the  highest,  it  does 
not  follow  that  the  rest  of  ns  cannot  be  of  great  use.  Each  man  can 
be  of  value  in  his  own  particular  sphere ;  It  Is  only  necessary  that  he 
should  work  faithfully  with  a  single  eye  to  the  truth,  that  he  should  be 
as  free  as  possible  from  prejudice,  and  that  his  published  work  should 
be  ns  accurate  as  he  can  make  It.  A  well  conducted  organic  synthesis,  a 
few  carefully  determined  solubilities,  will  In  the  end  be  more  valuable  to 
the  progress  of  science  than  a  false  generalization,  no  matter  how  ingen- 
ious the  latter  may  be.  But  how  great  Is  the  responsibility  of  the  col- 
lector of  facts !  for  if  his  observations  are  false,  his  work  Is  of  less 
value  even  than  that  of  the  false  theorist ;  it  has  not  even  ingenuity  In 
Its  favor,  and  Is  worse  than  useless.  Ostwald  has  more  than  once  pointed 
to  the  responsibility  attending  publication,  and  we  should  all  do  well  to 
heed  his  warning. 

A  comprehensive  design  which  I  had  once  harbored  of  giving  you  a 
r^sum6  of  the  year's  work  In  physico-chemical  research  throughout  the 
world  has  been  relinquished  because  of  the  great  number  of  small  papers 
which  could  not  be  treated  satisfactorily  in  the  brief  space  of  an  even- 
Injr's  talk.  The  subject  of  stolchlometry.  In  Ostwald*s  rather  compre- 
hensive Interpretation  of  this  word,  has  received  this  year  the  attention 
usually  accorded  lolt.  Solutions  have  still  occupied  many  able  men,  with- 
out having  by  any  means  had  their  possibilities  exhausted.  Van*t  HoflTs 
admirable  little  book  upon  double  salts  has  already  begun  to  exercise 
an  effect  upon  the  chemlc  il  world,  which  the  scattered  and  les^  illumln- 
atini;  papers  of  his  students  could  not  have  been  expected  to  exercise. 
Dr  Gibbs'  Interesting  address  upon  this  important  topic  will  undoubtedly 
excite  further  study  on  the  whole  question  of  the  so-called  **  molecular 
compounds,'*  which  are  so  little  understood  and  so  hard  to  reconcile  with 
our  only  partially  satisfactory  bleas  of  quantlvaience.  The  far-reaching 
subject  of  chemical  equilibrium  is  receiving  more  and  more  attention 
every  year.  There  lias  been  great  activity  in  the  fascinating  field  of 
electi'ochemistry,  and  it  is  pl«  asing  to  see  that  some  of  the  fundamental 
notions  of  this  new  science  are  coming  to  be  recognized  by  the  analyst  and 
the  technical  chemist.  Not  least  among  the  startling  events  of  the  year 
has  been  the  supposed  discovery  of  a  number  of  new  elements,  crypton, 
neon,  matargnn.  coronlum  and  etherlon;  if  these  really  exist,  we  have 
here  a  series  of  brilliant  chemical  discoveries  made  solely  by  means  of 
physical  instruments  and  operations. 


Digitized  by 


Google 


CHEMIhTRT.  213 

The  most  important  of  these  interesting  investigations  are  undoubtedly 
as  well  known  to  you  as  to  your  speaker,  for  in  this  day  the  sources  of 
information  are  equally  open  to  all;  hence  It  would  be  a  work  of  super- 
erogation for  me  to  discourse  upon  them  in  detail,  even  if  there  were  time 
to  do  so.  I  prefer  therefore  to  call  your  attention  to  some  unpublished 
work  with  which  you  can  hardly  be  so  familiar;  I  mean  the  physico- 
chemical  problems  which  have  enlivened  the  last  winter's  laboratory  work 
at  liarvard.  Since  these  covered  a  somewhat  extensive  field,  their  ex- 
position may  serve  the  double  purpose  of  illustration  and  information. 
It  is  a  pleasure  to  state  that  most  of  these  researches  would  not  have  been 
thought  of  without  the  inspirinjr  example  and  precept  of  the  great  men 
of  whom  I  have  spoken.  The  host  of  interesting  investigations  thas 
prompted  in  nil  civilized  lands  afford  the  best  possible  proof  of  the  value 
of  tlie  modern  physico-chemical  hypotheses. 

Dr.  Gordon,  the  Harvard  assistant  in  physical  chemistry,  has  finished  a 
very  interesting  series  of  measurements  of  the  potentials  of  galvanic  cells 
composed  of  metallic  plates  immersed  in  fused  salts  at  high  temperatures. 
After  overcoming  experimental  difficulties,  too  numt^rous  to  mention,  he 
succeeded  in  obtaining  constant  values  which  agree  remarkably  with 
Nenist*s  formula  and  throw  interesting  light  on  the  degree  of  dissociation 
existing  in  fused  salts.  Mr.  Edward  Collins  has  nearly  finished  aa  elab- 
orate attempt  to  verify  Faraday's  law  with  rigid  exactness;  an  attempt 
which  has  met  with  greater  success  than  any  previous  one. 

Mr.  G.  N.  Lewis  made  a  series  of  careful  measurements  of  the  change 
of  the  potential  of  numerous  reversible  electrodes  with  the  temperature, 
as  well  as  a  comprehensive  revision  of  Meyer's  inaccurate  work  on  concen- 
tration cells  involving  amalgams  of  different  strengths.  In  the  thermody- 
namic discussion  of  the  results,  Mr.  Lewis  arrived  at  some  very  interest- 
ing conclusions  concerning  strong  as  well  as  weak  solutions  of  metal  in 
mercury  and  extended  his  experiment  and  mathematical  analysis  to  the 
consideration  of  the  potential  of  the  unamalgamated  metal  in  a  solution 
of  one  of  its  salts.  It  is  needless  to  say  that  this  question  is  one  of  wide 
significance,  but  lack  of  time  prevents  my  doing  more  than  call  attention 
to  it  now.    Mr.  Lewis's  preliminary  paper  will  appear  early  in  the  fall. 

Mr.  F.  R.  Frnprie  spent  much  time  in  studying  the  eccentricities  of 
inversion  temperatures  and  transition  intervals  exhibited  by  the  double 
sulphates  of  potassium  and  manganese.  This  problem  proved  to  be  far 
more  complex  and  interesting  than  the  similar  case  involving  magnesium 
instead  of  manganese,acase  which  has  been  so  carefully  investigated  under 
Van't  HolTs  supervision.  While  Mr.  Fraprie  was  not  able  to  push  the 
matter  to  completion,  he  obtained  data  enough  to  enable  one  to  plot  many 
of  the  most  essential  curves,  and  to  draw  a  mental  sketch  of  the  situa- 
tion.   It  is  hoped  that  this  work  may  be  continued  during  the  present  year. 

Mr.  Faber,  in  the  course  of  a  research  having  a  more  practical  end  as  its 
chief  aim,  made  a  series  of  determinations  of  the  solubilities  of  argentic 
halides  in  solutions  of  sodic  thiosulphate,  and  obtained  data  which  may 
be  of  use  in  determining  the  mechanism  of  this  reaction.    Messrs.  Har- 
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rington  and  Henderson  made  a  few  interesting  observations  on  some  cases 
in  which  the  dissolving  of  a  solid  in  a  solution  caused  a  lowering  instead 
of  a  rise  in  the  boiling  point,  and  Mr.  Churchill  made  a  careful  determi- 
nation of  the  melting  point  of  crystallized  Glauber's  salt.  The  aim  of  this 
last  labor  was  to  secure  a  new  fixed  point  for  the  standardizing  of  ther- 
mometers; and  we  succeeded  in  showing  that  the  point  was  as  easily 
obtained  and  as  constant  at  32.484°  ns  could  be  desired.  This  means  of 
verifying  thermometers  will  be  a  great  boon  to  those  who  have  not  a 
standard  Instrument  at  baud.  The  paper  will  appear  in  the  September 
numbers  of  the  Zeltschrift  fur  physikalische  Chemie  and  the  American 
Journal  of  Science. 

Besides  these  varied  researches,  a  protracted  study  of  the  causes  of 
the  occlusion  and  the  unequal  release  of  gases  by  the  oxides  of  metals 
formed  from  the  nitrates,  occupied  most  of  my  spare  time.  It  became 
evident  that  the  excess  of  oxygen  usually  present  in  such  material  has  a 
tendency  to  work  its  way  out  by  a  process  of  dissociation  and  recombina- 
tion which  reminds  one  of  the  old-fashioned  explanation  of  electrolysis. 
The  nitrogen,  not  being  able  to  escape  in  this  fashion,  Is  retained.  This 
paper  has  just  appeared  in  the  Proceedings  of  the  American  Academy. 

In  addition  to  these,  several  other  researches  were  also  in  progress, 
which,  although  they  belong  strictly  to  the  domain  of  inorganic  chemistry, 
would  never  have  been  undertaken  but  for  the  theoretical  interests  in- 
volved. Prominent  among  these  were  the  revisions  of  the  atomic  weliihts 
of  cobalt,  nickel,  uranium,  strontium  and  calcium,  undertaken  by  Dr. 
Cushman,  Messrs.  Baxter  and  Merigold,  and  myself. 

Of  course  It  sometimes  happens  that  physico-chemical  problems  involv- 
ing the  use  of  complicated  apparatus  may  be  more  readily  solved  in  a 
physical  than  in  a  chemical  laboratory,  and  In  any  case  the  cooperation  of 
these  two  departments  is  highly  advisable.  I  am  happy  to  say  that  Dr. 
Duane  and  others  have  been  conducting  such  chemico-physical  investiga- 
tion»  at  the  JeflTerson  Physical  Laboratory  of  Harvard  College,  but  of  these 
I  have  no  authority  to  speak. 

When  one  has  been  discussing  the  past  and  present  progress  of  any  sub- 
ject it  is  natural  that  the  mind  should  turn  to  the  future  also.  What  fields 
are  likely  to  prove  the  most  fruitful  in  the  years  to  come?  What  researches 
will  probably  best  advance  the  interests  of  science,  and  therefore  of  the 
life  of  man?  Prophecy  is  always  an  uncertain  business;  but  if  one  rec- 
ognizes the  uncertainty,  it  has  few  dangers  and  becomes  at  least  amusing. 
In  this  case,  however,  it  presents  few  difficulties. 

The  whole  field  of  physical  chemistry  is  so  fruitful  when  treated  by 
modern  methods,  that  one  can  hardly  single  out  any  one  section  as  espe- 
cially unpromising.  Almost  every  subject  is  worthy  of  research ;  a  more 
important  question  is  the  spirit  in  which  the  research  is  to  be  undertaken. 

There  have  always  been  two  parties  as  regards  any  question  brought 
forward  by  mankind  for  discussion  :  the  conservative  party  and  the  radical 
party.  The  former  has  a  tendency  to  cling  to  old  ideas  simply  because 
they  are  old.  and  the  latter  has  a  tendency  to  adopt  new  ideas  simply  be- 
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cause  they  are  new.  It  seems  to  me  that  neither  of  these  tendencies  is 
legitimate.  One  shonld  seek  new  points  of  view  continaally,  bat  he  shonld 
hold  to  that  which  is  good  until  something  is  proposed  which  seems  to 
him  better.  In  every  case  he  should  weigh  the  respective  arguments  for 
and  against  the  new  point  of  view  with  a  mind  as  free  as  possible  from 
prejudice,  and  with  a  single  eye  to  the  truth.  In  short,  the  ideal  inves- 
tigator is  the  scientiflc  independent,  the  chemical  ** mugwump /'  Is  it  too 
unreasonable  to  hope  that  the  problems  of  the  twentieth  century  will  be 
dealt  with  in  this  thoughtful  but  uii trammeled  fashion? 

We  Americans  rejoice  in  having  on  our  side  of  the  ocean  the  world- 
renowned  names  of  several  great  men,  of  Wolcott  and  Willard  Gibbs,  of 
James  Crafts,  Edward  Morley,  the  late  Joslah  Parsons  Cooke,  and  others, 
who  have  combined  chemistry  with  physics  and  mathematics ;  but  never- 
theless.one  must  admit  that  America  has  not  done  as  much  as  one  could  wish 
toward  building  up  the  fabric  of  modern  physical  chemistry.  Although 
science  is  world-wide,  and  scientiflc  men  should  be  cosmospoUtan,  the  ex- 
istence of  this  Association  proves  that  there  Is  a  a  patriotic  side  to  the 
matter  too.  While  welcoming  the  truth,  wherever  it  is  discovered,  let  us 
then  do  all  we  can  to  further  its  emanation  from  American  laboratories 
and  writing  desks. 


Some  propertiks  of  liquid  ammonia.    By  E.  C.  Franklin  and  C.  A. 
Kraus,  University  of  Kansas,  Lawrence,  Kan. 

1.  Liquid  ammonia  as  a  solvent. 

2.  Metathetic  reactions  between  certain  substances   dissolved  in  liquid 

ammonia. 

3.  Ebulliscopic  determination  of  the  constant  of  molecular  elevation  of 

liquid  ammonia. 

4.  Determination  of  the  heat  of  volatilization  of  liquid  ammonia  at  boil- 

ing point  at  atmospheric  pressure. 

5.  Electrolytic  conductivity  of  certain  substances  dissolved  in  liquid 

ammonia. 

6.  The  temperature  coefficient  of  conductivity  of  liquid  ammonia  solu- 

tions of  certain  salts. 

Liquid  ammonia  as  a  solvent.  We  have  studied  the  behavior  of  liquid 
ammonia  as  a  solvent  toward  some  600  «nbstances.  These  experiments 
have  shown  ammonia  to  possess  remarkable  powers  as  a  solvent  for 
salts,  while  of  the  350  organic  compounds  tested,  over  250  were  found 
to  be  readilv  soluble  in  ammonia. 

Metathetic  reactions  hetwf-en  certain  substances  dissolved  iu  liquid  am- 
monia. We  have  studied  qualitatively  the  metathetic  reactions,  in  am- 
monia solutions,  between  the  nitrates  of  lithium,  sodium,  potassium, 
calcium,  strontium,  barium,  magnesium,  zinc,  cadmium,  manganese,  co- 
balt, nickel,  lejid.  mercury,  silver,  and  copper  on  the  one  hand  and  the 
chloride,  bromide,  iodide,  chromate,  borate,  and  sulphide  of  ammonium 
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on  the  other.  As  the  fact  that  ammonia  is  a  remarkably  good  electrolytic 
solvent  would  indicate,  metathetic  reactions  take  place  rapidly  and  com- 
pletely in  ammonia  solutions. 

Ebulliscopic  determination  of  the  constant  of  molecular  elevation  of  liquid 
ammonia.  The  molecular  elevation  of  the  boiling  point  of  liquid  ammo- 
nia has  been  determined  for  twenty  su>)Stances.  The  boiling  vessel 
consisted  of  a  vacuum- jacketed  tube  in  which  the  boiling  was  accom- 
plished by  passing  a  current  of  electricity  through  a  coil  of  platinum  wire 
sealed  into  the  vessel.  The  boiling  point  elevations  were  measured  by 
means  of  a  Beckmann  thermometer.  No  attempt  was  made  to  condense 
the  ammonia  and  return  it  to  the  boiling  tube ;  the  amount  of  solvent  was 
therefore  determined  after  each  reading  by  weighing  the  whole  piece  of 
apparatus.  The  molecular  elevation  constant  was  found  to  be  3.4  for 
water,  ethyl  alcohol,  and  a  number  of  other  substances.  Several  sub- 
stances showed  considerable  variation  of  the  constant  with  the  concen- 
tration, while  benzene  gave  value  of  about  2.6. 

Determination  of  the  heat  of  volatilization  of  liquid  ammonia  at  its  boil- 
ing point  at  atmospheric  pressure.  We  have  at  the  present  time  the 
method  so  well  in  hand  that  we  feel  confident  of  being  able  to  make  a 
very  satisfactory  determination  of  the  heat  of  volatilization  of  ammo- 
nia at  the  boiling  point.  The  method  consists  in  boiling  the  liquid  —  by 
means  of  the  electric  current,  and  arriving  at  the  amount  of  energy  con- 
sumed in  converting  a  known  weight  of  the  liquid  into  gas,  by  measur- 
ing the  amount  of  electricity  passed  and  the  fall  of  potential  within  the 
boiling  cell.  Preliminary  experiments  have  given  values  between  326  and 
332.  The  heat  of  volatilization  calculated  from  a  number  of  formula 
varies  between  323  and  36G  cal. 

The  electrolytic  conductivity  of  certain  substances  dissolved  in  liquid  am* 
monia.  ~  We  have  added  a  number  of  conductivity  measurements  to  the 
list  published  by  Cady.  A  considerable  number  of  organic  compounds 
are  conductors  in  ammonia  solutions. 

The  temperature  col^cient  of  liquid  ammonia  solutions  of  certain  salts.^ 
Measurements  of  the  temperature  coSfflcient  of  several  substances  In 
ammonia  solution  gave  a  rate  of  Increase  of  conductivity  of  about  2  per 
cent  per  degree  between  —  70°  and  the  boiling  point  of  liquid  ammonia. 
Between  — 10^  and  35°  the  solutions  pass  a  maximum  of  conductivity. 
Above  the  maximum  the  conductivity  diminishes  regularly  as  the  liquid 
approaches  its  critical  temperature,  at  which  point,  the  solution  becomes 
practically  a  non-conductor. 

In  a  special  part  we  draw  attention  to  what  seems  to  be  true,  that,  of 
all  known  substances,  ammonia  most  closely  resembles  water  in  all  those 
properties  which  give  to  water  its  unique  position  among  solvents.  In  its 
capacity  as  a  general  solvent  for  salts  it  is  secondary  to  water,  but  superior 
to  all  other  solvents.  It  closely  approaches  water  in  its  power  of  dis- 
sociating electrolytes;  some  salts  conduct  even  better  in  ammonia  solution 
than  they  do  in  aqueous  solution.  It  unites  with  many  salts  forming  a 
group  of  bodies  analogous  to  the  salts  with  water  of  crystallization.  Its 
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heat  of  volatilization  is  greater  than  that  of  any  other  liquid  with  the 
one  exception  of  water.  Its  spacitlc  heat  is  quite  as  great  as  that  of 
water*  while  its  molecular  elevation  constant  is  lower  than  that  of  any 
solvent  for  which  measurements  have  yet  been  made.  The  dielectric  con- 
stant of  ammonia  has  not  been  measured,  but  it  should,  if  Nernst's  sug- 
gestion is  to  hold  good,  approach  that  of  water. 
[The  paper  will  be  published  in  the  American  Chemical  Journal.] 


Tlllfi'  SOLUBILITY    OP    DI-IONIC    SALTS    OF    WKAK    ACIDS    IS     SOLUTIONS  OP 

STKONQKR  DI-IONIC  ACIDS.   By  ARTHUR  A.  NoYES  and  David  Schwarz, 
Massachusetts  Institute  of  Technology,  Boston,  Mass. 

A  mathematical  expression  of  the  theory  of  the  phenomenon  in  ques- 
tion is  derived  from  the  law  of  mass  action  and  the  hypothesis  of  elec- 
trolytic dissociation.  Experiments  are  communicated  on  the  solubility  of 
silver  benzoate  in  water  and  in  solutions  of  nitric  acid  and  of  chloracetic 
acid  of  various  concentrations.  The  actual  values  of  the  solubility  are 
shown  to  be  in  close  accordance  with  the  predictions  of  the  theory. 


The  solubility  op  di -ionic  acids  in  solutions  of  the  di-ionic  salts  op 
OTHER  ACIDS.  By  ARTHUR  A.  NoYES  and  Edward  S.  Chapin,  Mas- 
sachusetts Institute  of  Technology,  Boston,  Mass. 

This  paper  discusses  another  phase  of  the  theory  considered  in  the 
preceding  communication.  Experiments  on  the  solubility  of  benzoic  acid 
in  water  and  in  solutions  of  sodium  acetnte  and  of  sodium  formate  are 
described.  The  results  confirm  satisfactorily  the  theoretical  principles 
involved. 


The  solubility  of  tri-ionic  bases  with  solutions  op  di -ionic  salts  op 
WEAK  bases.  By  A.  A.  NoYEs  and  E.  S.  Chapin,  Mass.  Institute  of 
Technology,  Boston,  Mass. 


The  solubility  of  iodine  in  dilute  fotasshtm  iodide  solutions.  By 
A.  A.  NoYES  and  L.  J.  Seidensticker,  Mass.  Institute  of  Technology, 
Boston,  Mass. 


The  rate  of  reaction  between  silver  acetate  and  sodium  formate  : 
A  reaction  of  the  third  order.  By  a.  A.  No  yes  and  Gkoroe  T. 
Cattle,  Mass.  Institute  of  Technology,  Boston,  Mass. 
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On  the  inpluencr  of  silicon  on  thb  heat  of  solution  of  coked 
CAST  ikon.  By  E.  D.  Campbell  and  W.  E.  Hartman,  University  of 
Michigan,  Ann  Arbor,  Mich. 

The  paper  details  the  calorimetric  results  obtained  by  dissolving  in  a 
slightly  acidified  sf»lution  of  ainmonlum  cuprlc  chloride,  a  series  of  thir- 
teen irons  ranging  in  grade  from  mottled  to  ferro-silicon,  and  in  silicon 
content  from  .898  to  13.626.  From  the  data  obtained  the  following  con- 
clusions are  drawn :  First,  when  either  on  account  of  the  temperature 
in  the  blast  furnace  at  the  time  the  Iron  was  made  or  on  account  of  suffi- 
ciently high  silicon,  approximately  1.4%,  there  is  very  little  combined 
carbon  in  the  Iron,  the  heat  evolved  by  the  oxidation  on  solution  of  the  sill- 
con  is  proportional  to  the  amount  of  silicon  in  the  sample.  Second,'  the 
above  does  not  hold  true  when  the  amount  of  combined  carbon  is  very 
high  owing  to  the  amount  of  heat  absorbed  in  the  decomposition  of  the 
carbon  compounds  or  those  of  carbon  with  Iron  and  silicon.  Third,  That 
the  compound  of  iron  and  silicon  has  a  heat  of  formation  of  not  less  than 
14700  calories  for  each  gramme  molecule.  Fourth,  that  when  the  sam- 
ple contains  sufficient  or  nearly  sufficient  silicon  to  correspond  wltli  the 
empirical  formula  SiFc;,  the  sub.stance  Is  unacted  on  by  slightly  acid  am- 
monium cuprlc  chloride. 


On  the  passage  of  rubbles  through  media  of  different  densities. 
By  C.  Gilbert  Wheeler,  Chicago,  111. 


Some  boiling-point  curves.    By  F.  K.  Cameron  and  E.  F.  Thayer, 
Cornell  University,  Ithaca.  N.  Y. 


Photoorapiiic  reproduction  of  color.  By  Romyn  Hitchcock,  New 
Yorlv,  N.  Y.  

Sixteenth  annual  report  of  the  committee  on  indexing  chemical 
literature.  By  H.  Carrington  Bolton,  Chairman,  Washington, 
D.  C. 

The  Committee  on  Indexing  Chemical  Literature  respectfully  presents 
to  the  Chemical  Section  its  sixteenth  annual  report,  covering  the  twelve 
months  ending  August,  1898. 

Works  Published. 

A  Bibliography  of  the  Metals  of  the  Platinum  Group,  Platinum,  Palladium, 
Iridium,  Rhodium,  Osmium,  Ruthenium,  1748-1896.     By  Jas.  Lewis 
Howe,  Smithsonian  Miscellaneous  Collections,  1084.     City  of  Wash- 
ington, 1897.     Pp.  318,  8vo. 
This  fine  volume  forms  one  of  the  most  valuable  and  comprehensive 

Indexes  to  an  Important  field  of  chemical  literature  produced  under  the 
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aaspices  of  the  Committee  since  its  appointment  in  1882.  It  shows  on 
every  page  evidence  of  conscientious  and  critical  skill ;  the  author-  and 
subject-indexes,  with  which  the  book  concludes,  are  important  features. 
Its  workmanship  and  the  method  of  presentation  of  data  in  type  make 
Dr.  Howe*s  volume  a  model. 

Beferences  to  the  Literature  of  the  Sugar-Beet,  exclusive  of  works  in  for- 
eign languages.    By  Claribel  Huth  Barnett.     U.  S.  Department  of 
Agriculture.    Library  Bulletin,  June,  18i»7.    9  pp.,  4 to. 
This  carefully  edited  contribution  to  the  bibliography  of  a  subject  inter- 
esting to  the  chemist  as  well  as  to  the  sclentltic  farmer,  manifests  the 
activity  of  theU.  S.  Department  of  Agriculture  in  its  Library. 

A  Chemical  Bibliography  of  Morphine,  1876-1896.     By  H  E.  Brown,  under 
the  direction  of  A.  B.  Prescott.     Completed  in  Pharmaceutical  Ar- 
chives, Vol.  I,  No.  3. 
A  supplement  carries  the  literature  through  1897.     The  separates  con- 
tain an  index  of  authors. 

A  Bibliography  of  the  Metallography  of  Iron  and  Steel.     By  Albert  Ladd 
Colby.     Published  in  the  Metallographlst,  Vol.  i.  No.  2,  pp.  168-178. 
April,  1898. 
This  includes  188  titles,  arranged  alphabetically  by  authors,  and  num- 
bered chronologically;   it  is  reprinted,  extended  and  re-arranged  from 
The  Iron  Age,  January  27,  1898,  by  the  author. 

Bevieuj  and  Bibliography  of  the  Metallic  Carbides.     By  J.  A.  Mathews. 

Smithsonian  Miscellaneous  Collections  No.  1090.   City  of  Washington, 

1898.     pp.  32.  8vo. 

Published  by  the  Smithsonian  Institution  on  recommendation  of  this 

Committee.     Under  each  metal  forming  a  carbide  the  author  has  given  a 

brief  synopsis  of  the  chemical  data  with  references  to  the  literature  on 

that  subject.     There  is  an  author  index. 

A  Catalogue  of  Scientific  and  Technical  Periodicals  1665-1895,  together 
with  Chronological  Tables  and  a  Library  Check- List,  by  Henry  Car- 
rington  Bolton.    Second  edition.     Smithsonian  Miscellaneous  Collec- 
tions No.  1076.    City  of  Washington.  1897.  pp.  1247.     8vo. 
This  bibliography  wns  first  issued  in  1885  and  the  second  edition  has 
been  prepared  at  the  request  of  the  Smithsonian  Institution.  It  embraces 
periodicals  in  every  department  of  pure  and  applied  science,  including  of 
course  chemistry  and  chemical  technology.    The  Chronological  Tables 
give  the  date  of  publication  of  each  volume  of  about  550  periodicals; 
they  enable  one  to  ascertain  the  date  of  a  given  volume  in  a  given  series 
of  a  given  work,  or  to  determine  the  number  of  a  volumn  when  the  date 
only  is  given.    The  Library  Check-List  shows  in  what  American  Libra- 
ries, 133  in  number,  complete  sets  of  the  periodicals  may  be  found.     The 
second  edition  brings  the  date  down  to  1895;  its  publication  has  been 
delayed  by  the  compilation  of  the  Check-List.    The  periodicals  catalogued 
number  8603. 
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Alkaloidnl  Estimation ;  a  bibliographical  index  of  chemical  regearch  pre- 
pared from  oiiginal  literature  for  the  Committee  of  Revision  and 
Publication  of  the  Pharmacopoeia  of  the  United  States  of  America, 
1890-1900,  by  Paul  I.  Murrill  under  the  direction  of  Albert  B.  Pres- 
colt.  Ann  Arbor,  1898. 
A  pamphlet  of  about  sixty  pages,  not  for  sale. 

The  Review  of  American  Cheihical  Research  edited  by  Arthur  A.  Noyes 
and  published  in  the  Journal  of  the  American  Chemical  Society  com- 
pleted Vol.  Ill  In  December  1897.  Two  indexes,  an  author-  and  a 
subject-index,  increase  its  value. 

Mr.  E.  W.  Allen,  Acting  Director  of  the  Office  of  Experiment  Stations, 
U.  S.  Department  of  Agriculture,  in  reply  to  inquiries,  sends  the  follow- 
ing communication. 

'*  Durin;r  the  past  year  we  liave  completed  Volume  ix  of  the  Experiment 
Station  Record  (1897-'98).  This,  like  former  volumcts,  contains  abstracts 
of  and  references  to  articles  on  the  methods  and  results  of  work  in 
agricultural  chemistry  published  in  this  country  and  in  Europe.  During 
the  past  year  the  review  of  Russian  scientific  periodicals  has  been  added. 
About  2,000  cards  of  the  Card  Index  of  Experiment  Station  Literature 
have  been  issued  during  the  past  year,  making  a  total  of  16,000  cards  in 
this  index  at  present.  In  addition  to  several  accounts  of  chemical  studies 
of  the  nutrition  of  man,  the  Office  has  issued  a  **  Report  of  preliminary 
investigations  on  the  metabolism  of  nitrogen  and  carbon  in  the  human 
organism  with  a  respiration  calorimeter  of  special  construction,"  by  W. 
O.  Atwaier,  C.  D.  Woods,  and  F.  C  Henedict,  the  work  being  carried  on 
in  part  by  funds  furnished  by  this  Office.  In  this  connection  may  also  be 
mentioned  a  compilation  of  over  400  pages  of  metabolism  experiments 
in  which  the  balance  of  income  and  outgo  was  determined,  made  by  W.  O. 
Atwater  and  C.  F.  Lnngworthy,  and  issued  from  this  Office.  The  bulle- 
tin is  a  digest  of  about  3,600  experiments  with  man  and  animals  in  which 
the  balance  of  one  or  more  of  the  factors  of  income  and  outgo  was  de- 
termined. While  this  work  may  at  first  thought  seem  somewhat  a  field, 
it  is  chemictil  in  its  character  as  well  as  physiological  and  has  involved  In 
some  cases  quite  extensive  chemical  studies." 

The  "  Digest  of  Metabolism  Experiments"  herein  named  forms  Bulle- 
tin No.  45  of  the  Office  of  Experiment  Stations,  and  constitutes  a  com- 
prehensive bibliography  of  the  subject. 

The  Committee  chronicles  the  publication  of  the  following  bibliogra- 
phies bearing  more  or  less  on  chemical  researches : — 

Contributions  to  the  Bibliography  of  Gold.  By  A.  Liversidge.  Australasian 
Association  for  the  Advancement  of  Science.     Brisbane,  1895,  8vo. 

Analyst  (The).  The  organ  of  the  Society  of  Public  Analysts.  Chneral- 
Index  to  the  Proceedings  of  the  Society  of  Public  Analysts,  Vol.  i 
(1876)  and  to  the  Analyst  Vols,  i-xx  (1877-1896).  Compiled  by  J. 
Cuthbert  Welch.     London,  1897.    Pp.  i-181,  8vo. 
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Arranged  on  the  dictionary  plan,  authors,  subjects  and  cross-references 
in  a  single  alphabet. 

Bibliographie  dea  travaux  scitntiflques  (sciences  math^matiques,  physiques 
et  naturelles)  publics  par  les  Societ^s  Savantes  de  la  France.    Par  J. 
Deniker.    Tome  i,  part  2.     Paris,  1897,  4to. 
Part  I  was  published  in  1895.     Mont  important  for  original  papers  pub- 
lished in  France. 

Biographisch' Literansches    Handworterbuch  zur  Oeschichte    der   exacten 
Wissenscha/ten,  von  J.  C.  Poggendorff.    Dritter  Baud  (die  Jahre  1858 
bis  1888  umfassend).     Herausgegeben  von  B.  W.  Feddersen  und  A. 
J.  von  Oettlngen.    Leipzig,  1897-98.     Roy  8vo. 
This  valuable  addition  to  PoggendorflTs  well-known  biographical  dic- 
tionary is  useful  to  chemists  inasmuch  as  it  gives  the  titles  of  original 
papers  by  the  principal  chemists  of  the  world  published  during  the  period 
specified. 

WOKKS  IN   PrKPAKATION   AND   RkPORTS  OF  PRpCRRSS. 

A  subject-  and  author-index  to  the  first  twenty  volumes  of  the  Journal  of 
the  American  Chemical  Society  is  being  compiled  by  Mr.  Sohon,  who  ex- 
pects to  complete  the  MS.  in  December,  1898. 

A  First  Supplement  to  the  Select  Bibliography  of  Chemistry,  1492- 
1897,  by  Henry  Carrington  Bolton,  is  now  going  through  the  press.  It 
will  form  a  volume  of  the  Smithsonian  Miscellaneous  Collections  of  about 
600  pages. 

A  Second  Supplement  to  the  same  bibllograpliy,  to  contain  chemical  dis- 
sertations only,  is  well  advanced,  about  8000  titles  being  already  in  hand. 

Dr.  A.  C.  Langmuir  reports  the  completion  of  his  MS.  Index  to  the 
Literature  of  Zirconium. 

Dr.  C.  H.  Jottet  reports  the  near  completion  of  his  Indfx  to  the  Litera- 
ture of  Thorium. 

Mr.  Geor;5e  Wagner  reports  progress  on  a  Bibliography  of  Oxygen. 

The  manuscript  of  an  Index  to  the  Literature  "f  Thallium  1861-1890, 
by  Miss  Martha  Doan.  lately  of  Cornell  University,  was  submitted  to  the 
Committee,  through  Prof.  L.  M.  Dennis,  and  after  critical  examination  it 
has  been  unanimously  recommended  lo  the  Smithsonian  Institution  for 
publication. 

Dr.  Alfred  Tuckerman  is  engaged  upon  new  editions  of  his  Indexes  to 
the  Literature  of  the  Spectroscope,  and  of  Thermodynamics ,  which  are  to. 
be  continued  to  the  year  1900.     He  also  reports  progress  on  the  Index 
to  the  Mineral  Waters  of  the  World,  the  printing  of  which  has  been  delayed 
by  mechanical  difficulties. 
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Dr.  Willem  P.  Jorissen,  of  Rotterdam,  has  nndertaken  to  bring  down 
to  date  Prof.  Albert  H.  Leeds'  Indexes  to  Ozone  and  to  Hydrogen  Peroxide^ 
first  issued  in  1880,  and  long  since  out  of  print. 

Monsieur  Jules  Gar^on,  chemical  engineer  (of  40  6(8  Rue  Fabert,  Paris), 
is  about  to  publish  an  Important  contribution  to  the  bibliography  of 
technical  chemistry,  entitled:  **  Repertoire  universel  de  blbliographle 
des  industries  tlnctoriales  et  des  industries  annexes."  It  is  expected  to 
form  three  large  volumes.  In  the  preparation  of  this  immense  undertak- 
ing the  author  has  examined  1800  works  and  111  sets  of  peiiodicals,  the 
latter  in  .'>0<»0  volumes,  besides  7000  other  articles  and  documents.  Sub- 
scriptions (100  francs)  may  be  sent  to  the  publishers,  Gauthler-Villars 
et  flls,  Paris.  M  Gai9on  is  known  as  the  author  of  the  **  Blbliographle 
de  la  technologic  chimique  des  rlbres  textiles,"  Paris,  1893,  noted  in  our 
Thirteenth  Annual  Report. 

Two  ui  finish"  d  manuscript  indexes  are  at  the  disposal  of  persons  will- 
lug  to  undertake  their  completion  :  an  Index  to  the  Literature  of  Carbonic 
Oxid.  begun  by  the  late  Prof.  William  Riph-y  Nichols  and  continued  by 
Prof.  Augustus  If.  Gill;  and  an  Index  to  the  Literature  of  Milk,  begun  by 
Prof.  Clement  W.  Andrews. 

As  stated  in  previou.s  reports  this  Committee  does  not  attempt  to  pre- 
scribe a  fixed  plan  for  volunteer  Indexers,  but  leaves  method  and  topic  to 
be  cliosen  by  compilers;  the  comralttei;  does  not  seek  to  control  the  pro- 
ductions further  than  to  insure  work  of  high  merit  and  to  guard  the  in- 
terests of  the  Smithsonian  Institution  which  has  agreed  to  publish 
manuscripts  endorsed  by  the  Committee.  Chemists  willing  to  undei-take 
the  compilation  of  indexes  are  requested  to  send  their  names  and  addresses 
with  a  memorandum  of  the  subject  chosen  to  the  chairman  of  the  Com- 
mittee (Cosmos  Club,  Washington,  D.  C  ),  who  will  furniah  sample  cop- 
ies of  indexes  and  other  information. 


H.  Carrington  Bolton,  Chairman, 
F.  W.  Clarkk, 
,    A.  R.  Leeds, 
Committee.  «j    ^    3    p„e8cott. 

Alfred  Tuckerman, 
H.  W.  Wiley. 


American  research  in  physiological  chemistry.    By  E.   E.   Smith, 
New  York,  N.  Y. 

The  time  during  which  chemistry  has  been  applied  in  physiological  re- 
search corresponds,  practically,  to  the  lifetime  of  this  Association.  This 
period  has  been  christened  the  era  of  positiveness.  It  was  inaugurated  in 
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1842  when  Meyer  pointed  oat  the  physiological  relations  of  the  brilliant  dis- 
coveries of  Joule,  Grove  and  Heluiholtz  In  the  domain  of  physics.  Since 
then,  physical  methods  of  investiuation  have  been  applied  to  the  inter- 
pretiition  of  vital  phenomena.  As  you  know,  it  was  th**  fortune  of  the 
eminent  von  Liebig  to  investigate  this  new  imd  Important  field  »nd  his 
•*  Animal  Chemistry,**  edited  for  the  American  profession  in  1842  by 
Frof.  John  W  Webster  of  Harvard  University  is,  1  believe,  the  first  im- 
portant publication  in  America  on  physiological  chemistry. 

The  subject  of  phy8lolog:y  had  not  acquired  the  dignity  of  a  8pe«  ial 
department  of  learning.  It  was  taught  by  men  of  general  education :  in 
ihe  medical  school,  usually  by  a  physician  engaged  in  the  praciice  of  hts 
profession.  So,  likewise,  the  earlier  American  investigations  in  physio- 
logical and  pathological  chemistry  were  at  the  liands  of  j»eueral  chemists, 
physicians  and  agriculturists,  men  whose  names  in  most  instances  are 
more  prominently  associated  with  other  departments  of  science.  It  is 
only  during  the  present  generation  of  teachers  and  investigators  that  the 
names  of  a  few  American  scientists  have  become  primarily  associated 
with  physiological  chemistry. 

In  noticing  the  work  of  the  early  American  investigators,  let  me  first 
call  your  attention  to  the  observations  on  gastric  juice  and  the  physiol- 
ogy of  stomach  digestion,  made  by  Dr.  Beaumont,  Surgeon  of  the  United 
States  Arnjy.  Alexis  St.  Martin,  a  Canadian,  was  the  subject  of  these  ob- 
servations. This  individual  developed  a  gastric  fistula  from  a  gun-shot 
wound.  The  peculiar  condition  afforded  Beaumont  the  opportunity,  in 
1825,  to  obtain  for  the  first  time,  from  the  human  subject,  pure  normal 
gastric  juice,  and  to  study  the  chemistry  and  physiology  ol'  gastric  di- 
gestion. The  last  observations  on  St.  Martin  were  published  in  1856. 
The  case  is  memorable  in  the  history  of  physiology. 

The  malarial  fevers  were  at  this  time  prevailing  in  many  localities. 
Curiously  enough  the  etiology  of  this  form  of  disease  was  studied  from 
a  chemical  point  of  view,  a  fact  which  explains  the  publication  of  such 
articles  as  *'  The  Influence  of  Vegetable  and  Animal  Decomposition  as  a 
cause  of  Fever,**  "The  Relation  of  the  Dew  Point  to  the  Diseases  of 
Marshy  liands**  and  '*  On  the  Active  Principles  of  Malaria.*'  In  this  last 
article,  Prof essor  Gardner  presents  the  theory  that  sulphuretted  hydrogen 
is  the  active  agent  in  the  production  of  the  disease,  basing  this  claim  upon 
the  observation  that  malarial  infection  was  common  in  swampy  regions. 
Tlie  instance  was  cited  by  his  opponents  that  Boston,  though  swampy, 
was  free  from  the  disease.  This  opposition  Gardner  met  by  the  ingenious 
explanation  that  Boston  owed  its  exemption  from  malaria  to  the  presence 
of  metal  in  the  soil,  which  formed  insoluble  sulphides  with  the  sulphuretted 
hydrogen. 

Llebig*s  materialistic  views  were  entirely  too  radical  to  find  universal 
acceptance  at  the  time  of  their  appearance,  even  among  professional  men. 
Accordingly  we  notice,  in  the  literature  of  the  few  years  following,  vig- 
orons  protests  to  his  teaching  of  the  identity  of  vital  and  chemical  force. 
Dr.  Caldwell  of  Louisville  ridiculed  calling  the  body  a  "  corporeal  stove 


Digitized  by 


Google 


224  SECTION  c. 

for  burniDg  oxygen."  The  literatare  of  this  time  contains  articles  by 
John  W.  Draper,  M.D.,  although  his  **  Human  Physiology"  was  not  pab- 
llshtd  until  1866.  In  1837  he  wrote  **  On  the  Physical  Action  of  Capillary 
Systems,"  calling  attention  to  the  identity  of  **  the  force  producing  mo- 
tion "With  the  chemical  force,"  an  idea  which  he  further  discussed  in  1846 
under  the  title  '*  Circulation  of  Blood  as  depending  on  Chemical  Action." 
Both  Draper  and  Gardner  contributed  to  the  development  of  our  knowl- 
edge of  the  relations  of  light  to  vegetation. 

The  subject  of  animal  heat  attracted  the  attention  of  physiologists  in 
the  forties.  The  theory  of  its  origin,  now  universally  accepted,  was 
receiving  the  critical  attention  of  those  interested  in  this  phase  of  physi- 
ology. One  writer,  not  satisfied  with  this  prevailing  theory  that  it  is 
'*  due  to  decarbonization  of  the  blood,"  contended  that  if  oxidation  occurs 
in  the  lungs,  this  organ  must  necessarily  be  hotter  than  other  parts  of 
the  body.  He  held  that  animal  heat  is  evolved  in  the  change  from  fluids 
to  solids  which  occurs  in  the  deposit  of  new  matter  from  the  blood  to 
replace  body  waste. 

Beaumont's  important  contributions  on  stomach  digestion  previous  to 
1850  were  followed,  both  at  home  and  abroad,  by  studies  of  the  chemis- 
try of  the  entire  digestive  process.  In  this  country  such  investigations, 
during  the  third  quarter  of  the  century,  by  the  prominent  physiologist 
Prof.  John  C.  Dalton,  are  particularly  deserving  of  notice.  This  Inves- 
tigator contended  that  the  conversion  of  carbohydrates  into  sugar  is  a 
property  of  intestinal  rather  than  gastric  digestion,  and  also  studied  the 
composition  and  physiology  of  bile  and  questions  connected  with  the  gly- 
cogenic function  of  the  liver.  An  important  discovery  in  this  field  was 
announced  in  1862  by  the  well-known  physiologist  Prof.  Austin  Flint,  who 
stated  that  there  is  normally  present  in  human  feces  a  cholesterin-like 
substance  called  by  him  *'stercorine."  This  substance  is,  indeed,  a  product 
formed  from  the  cholesterln  of  bile  during  its  passage  through  the  in- 
testines. It  is  interesting  to  note  that  two  German  investigators  have 
recently  confirmed  this  discovery  of  Flint  and  announce  that  stercorln 
diflfers  from  cholesterin  in  containing  two  more  atoms  of  hydrogen. 

There  has  developed  In  this  country  in  the  present  time,  a  physiological 
inquiry,  the  value  and  importance  of  which  I  believe  few  <»f  you  fully 
realize.  I  refer  to  the  investigations  on  the  food  and  nutrition  of  man 
pursued  with  the  aid  and  under  the  supervision  of  our  Government.  In 
order  to  give  you  even  a  superficial  idea  of  these  studies,  I  muKt  briefly 
call  attention  to  the  factors  which  have  combined  to  stimulate  so  impor- 
tant an  inquiry. 

The  history  of  American  investigations  on  the  food  and  nutrition  of 
man  is  first  individual  and  personal.  Before  the  present  generation, 
occasional  and  scattered  contributi<ms  appeared  from  investigators  whose 
interests  and  departments  of  worlv  merely  touched  at  this  point.  In 
1869,  came  the  publication  of  an  essay  on  the  composition  of  American 
maize  by  W.  O.  At  water,  then  a  student  in  the  laboratory  of  Professor 
Johnson,  at  Yale  College.    No  one,  least  of  all  probably  Professor  At- 
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water,  realized  at  that  time  that  this  was  the  inception  of  an  inquiry  des- 
tined to  reach  snch  proportions  as  to  invite  the  codperation,  under  gov- 
ernment supervision,  of  scientific  men  scattered  throughout  the  country. 
How  this  came  about  is  intimately  associated  with  the  establishment  and 
development  of  our  Agiicultural  Experiment  Stations. 

While  I  do  not  purpose  here  to  review  work  in  agriculture  1  will  yet 
briefly  refer  to  Professor  Atwater*8  investigations  from  the  point  of 
view  of  physiological  chemistry.  This  investigator,  just  a  quarter  of  a 
century  ago,  in  an  address  before  the  Maine  State  Board  of  Agriculture, 
made  what  I  believe  is  the  first  public  presentation  in  the  English  tongue 
of  the  modern  theory  of  nutrition  of  animals  and  of  the  functions  of 
nutrients.  Corrcspondiu;;  statements,  bearing  on  the  food  and  nutrition 
of  man,  were  made  by  the  same  author  in  a  paper  on  the  chemistry  of 
foods  in  1885.  Professor  Atwater's  conceptions  of  the  process  of  nutri- 
tion were  such  as  to  suggest  to  him  the  desirability  of  extensive  and  ac- 
curate studies  of  food  materials  and  food  consumption  and  his  early 
scientific  contributions  furnish  the  beginning  of  such  inquiries  in  this 
country. 

The  earlier  work  of  the  agricultural  experiment  stations  was  directed 
almost  exclusively  to  agricultural  production.  It  became  apparent,  how- 
ever, that  the  interests  of  the  community  which  this  organization  serves 
demanded  a  broader  field  of  inquiry ;  that  the  raising  of  crops  bears  an 
important  relation  to  food  economy  and  food  consumption.  Aid  w^as, 
therefore,  afforded  to  investigations  on  the  nutrition  of  man  carried  on 
under  the  supervision  of  the  department  of  experiment  stations.  The  im- 
mediate direction  of  such  nutrition  investigations  was  given  to  Professor 
Atwater.  Through  this  channel,  a  department  of  study  first  pursued  by 
this  investigator  as  an  individual  has  become  the  field  of  investigation  of 
a  large  number  of  scientists  throughout  the  country.  Thus  a  stimulus  has 
been  given  to  research  on  the  chemistry  of  nutrition,  and  the  cooperation 
of  widely  scattered  investigators  has  been  brought  about,  with  evident 
benefit  to  the  individual  workers  and  tp  the  worlc  itself. 

It  would  be  interesting  to  present  to  you  statistics  of  the  vast  number 
of  food  analyses  made  in  connection  with  these  studies,  but  I  can  scarcely 
do  more  than  mention  some  of  the  more  pnrely  physiological  features  of 
the  work.  Food  consumption  has  been  studied  by  the  direct  aualyses  of 
dietaries  of  people  of  different  occupations  in  various  localities,  both 
North  and  South ;  food  economy  has  been  studied  by  direct  observations 
of  the  cost  of  these  dietaries  in  relation  to  their  nutritive  values ;  diges- 
tibility has  been  determined  by  observations  of  the  amount  and  character 
of  the  food  which  actually  remained  undigested.  The  conclusion  is 
reached  that  our  national  dietary  is  one-sided,  containing  much  larger  pro- 
portions of  fuel  materials,  fats  and  carbohydrates,  than  the  best  evidence 
implies  to  be  appropriate.  This  appears  to  result  directly  from  the  fact 
that  the  food  production  of  the  United  States  is  out  of  balance,  contain- 
'  ing  an  excess  of  these  same  materials. 

Of  even  greater  interest  to  physiologists  are  the  studies  of  the  laws  of 
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nutrition  \vbich  are  boiii^  pursued  as  a  part  of  these  same  investigations, 
including  studies  of  the  metabolism  of  matter  and  energy.  To  accom- 
plish what  is  intended  in  these  Inquiries  has  necessitated  the  expenditure 
of  much  time  and  effort  upon  the  apparatus  used,  notably  upon  a  bomb 
calorimeter  and  a  large  respiratory  calorimeter.  I  regret  that  our  time 
does  not  permit  us  to  review  the  interesting  conclusions  already  reached 
as  a  result  of  these  investigations. 

Of  the  various  problems  that  physiological  chemists  have  studied  in 
recent  years,  none  are  of  greater  interest  and  importance  or  have  taxed 
the  care  and  ability  of  the  investigators  more,  than  the  study  of  the  group 
of  proteids.  The  imperfect  methods  used  in  the  separation  of  these  com- 
plex substances,  even  in  the  investigations  of  no  longer  than  two  decades 
ago,  yielded  such  impure  and  modified  products  as  to  render  their  study 
confusing.  What  has  been  done  at  the  present  time  is  to  develop  new 
methods  of  separation,  notably  by  the  use  of  various  saline  solvents  and 
precipitants,  and  to  use  more  accurate  methods  of  analysis  in  the  study 
of  chemical  composition.  Much,  too,  has  been  accomplished  by  a  study 
of  tlie  cleavage  products  formed  by  the  action  of  chemicals  and  enzymes. 
Investigation  on  the  native  proteids  and  their  cleavage  products  made  by 
Chittenden  during  the  last  fifteen  years  are  a  most  important  contribution 
to  our  present  knowledge  of  these  substances.  Osborne,  working  first 
with  Chittenden  in  a  study  of  the  proteids  of  maize,  and  later  independ- 
ently and  with  a  number  of  co-workers,  has  made  an  extensive  and  most 
valuable  study  of  the  proteids  of  the  vegetable  kingdom,  isolating  these 
substances,  studying  their  chemical  properties  and  determining  their  com- 
position. His  investigations  have  led  to  a  new  nomenclature  of  vege- 
table proteids  and  are  yielding  most  interesting  conclusions  in  regard  to 
the  physiology  of  germination  and  plant  growth  in  general.  Of  especial 
interest  at  this  time  are  Osborne's  studies  of  the  crystallization  of  vege- 
table proteids,  particularly  when  considered  in  connection  with  similar 
work  on  the  animal  proteids  by  Hofmeister  and  other  European  Investl- 

glitOl'S. 

While  something  was  accomplished  by  the  study  of  the  chemistry  of 
digestion  during  the  second  and  third  quarters  of  the  century,  much  yet 
remained  to  be  revealed  by  the  more  definite  and  accurate  methods  of 
research  of  the  present  time.  In  this  field  the  work  of  Professor  Chit- 
tenden, particularly  his  investigations  of  the  products  formed  in  the  di- 
gestion of  proteids,  are  among  the  foremost  contributions  to  the  literature 
of  physiological  chemistry.  Since  the  identification  and  classification 
by  Kiihne  and  Chittenden,  of  the  products  formed  in  the  digestion  of 
albumin,  Chittenden,  aided  by  various  co-workers,  has  extended  our  knowl- 
edge of  digestive  proteolysis  by  the  study  of  every  important  proteid. 
The  same  observer  has  studied  the  influence  of  various  substances  and 
conditions  on  enzyme  action  and  on  the  more  purely  physiological  phenom- 
ena of  digestion,  contributing  to  our  knowledge  in  this  department  of 
physiology  a  chapter  of  much  practical  value. 

Among  the  earliest  American  experiments  on  metabolism  are  those  by 
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Flint  In  1873  with  a  professional  pedestrian  during  vigorous  exercise. 
He  concluded  that  severe  muscular  exertion  increases  tiie  excretion  of 
urea.  Similar  observations  by  Jones  in  New  Orlenns  in  1878  led  to  tlie 
same  conclusion.  Of  later  investigations,  those  by  Chittenden  on  the  in- 
fluence of  various  substances  on  proteld  metabolism  constitute  lmpoi*tant 
contributions.  The  work  of  At  water  has  already  been  mentioned.  Lusk 
has  recently  shown  that  following  the  administration  of  phlorhizln  to 
stiirving  dogs,  no  less  than  60  grams  of  dextrose  may  be  derived  in  metab- 
olism from  100  grams  of  proteld,  thus  lndicatin!>:  what  a  considerable 
portion  of  the  proteid  molecule  is  non-nitrogenous.  It  is  the  recognition 
of  this  fact  by  Lllienfeld  and  the  introduction  by  him  of  the  carbohydrate 
radicle  through  the  use  of  formic  aldehyde  thnt  have  contributed  such  a 
degree  of  success  to  his  attempts  to  produce  proteid  by  synthesis. 

Physiological  chemistry  has  rendered  important  service,  as  you  know, 
in  the  recent  growth  and  development  of  the  science  of  Bacteriology.  In 
this  country,  Vaughan  in  1885  succeeded  in  Isolating  an  active  agent  from 
poisonous  cheese,  to  which  he  gave  the  name  *' tyrotoxicon."  In  1890 
Novy  and  de  Schweinitz,  working  independently,  separated  both  basic  and 
non-basic  poisons  from  cultures  of  the  hog-chorera  bacillus.  Vaughan  In 
the  same  year  reported  toxins  in  cultures  of  three  toxicogenic  germs 
found  in  drinking  water,  also  in  cultures  of  three  of  Booker's  summer 
diarrhoea  germs  and  in  poisonous  cheese. 

In  1888,  Vaughan  and  Novy  published  a  small,  but  excellent  treatise  on 
**  Ptomaines  and  Lencomaines,'*  a  work  which  may  be  regarded  as  the  first 
attempt  to  collate  everything  of  importance  on  these  subjects.  The  third 
edition  of  this  book,  which  appeared  in  1896,  shows  an  increase  in  size  to 
over  six  hundred  pages.  There  is  no  better  index,  than  this,  to  the  growth 
of  modern  research  in  this  department  of  chemistry. 

By  the  announcements  of  Koch  of  the  discoveries  of  the  tubercle  ba- 
cillus and  of  tuberculin,  great  Interest  was  aroused  in  the  chemistry  of 
this  organism  and  its  products.  To  this  subject  contributions  of  great 
importance  have  been  made  by  the  scientific  investigations  of  Dr.  de 
Schweinitz  in  the  Bio-Chemic  Laboratory  of  the  Bureau  of  Animal  In- 
dustry at  Washington.  Prudilen  suggestetl,  in  1892,  that  caseation,  so 
characteristic  of  tubercular  degeneration,  is  probably  due  to  a  specific 
metabolic  proiluct  of  the  tubercle  bacillus.  De  Schweinitz  has  separated 
and  studied  this  chemical  substance.  The  fact  that  the  dried  germs  con- 
tain 87%  of  fat  was  announced  by  de  Schweinitz  and  Dorset  in  1895.  Fol- 
lowing this  came  the  interesting  observation  that  the  ether  extract  con- 
tains a  high  melting  acid  which  on  analysis  yields  a  formula  correspond- 
ing closely  to  teraconic  acid,  C7ll,o04,  an  unsaturated  acid  of  the  fatty 
series  and  that  the  injection  of  the  product  into  the  liver  of  animals  is 
followed  by  the  formation  of  necrotic  areas.  These  discoveries  suffice 
to  indicate  the  progress  and  value  of  chemical  research  in  bacteriology. 

During  the  past  few  years  studies  of  the  chemical  factors  causing  cer- 
tain diseases  have  been  In  prj^gress  in  this  country,  researches  which 
were  stimulated  at  the  outset,  perhaps,  by  the  claims  of  an  English  phy- 
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sician  that  a  long  list  of  complaints  are  caused  by  an  increase  of  mic 
acid  in  the  blood.  Herter  has  concluded  that  in  these  conditions  uric  add 
is  a  result  rather  than  a  cause  of  disease  and  emphasizes  the  importance, 
as  etiological  factors,  of  the  products  of  fermentation  and  putrefaction 
absorbed  from  the  alimentary  canal.  Uachrord  presents  evidence  to  show 
that  the  symptoms  of  toxicity  are  an  expression  of  leucomaine  poisoning, 
dependent  on  defective  elimination.  The  studies  of  Herter  on  the  toxic 
factors  in  the  uriemic  states  also  constitute  an  interesting  and  important 
chapter  in  American  research  in  pathological  chemistry.  The  growing 
importance  of  this  field  of  inquiry  is  indicated  by  the  fact  that  in  the 
organization  of  the  Institute  of  Pathology  of  the  New  York  State  Com- 
mission of  Lunacy,  provision  has  been  made  for  research  in  chemical 
pathology  and  also  by  the  recent  establishment  of  a  professorship  in 
pathological  chemistry  by  the  University  and  Bellevue  Hospital  Medical 
College  of  New  Yorlc.  In  the  Pathological  Institute,  Drs.  Levene  and 
Bookman,  the  Associates  in  Physiological  Chemistry,  have  studied  the 
toxicity  of  the  blood  and  urine  in  various  pathological  conditions  and  the 
acidity  and  alkalinity  of  the  body  tissues. 

American  contributions  in  physiological  chemistry  are  found  scattered 
.  through  the  literature  of  chemistry,  physiology,  medicine  and  general 
science,  In  publications  at  home  and  abroad,  in  the  English  and  foreign 
tongues.  The  increasing  number  of  scientific  investigations  has  long  de- 
manded special  facilities  for  publication.  This  demand  has  now  been  met 
by  the  establishment  of  two  American  periodicals,  viz. :  **  The  Journal 
of  Experimental  Medicine,"  and  *'The  American  Journal  of  Physiology." 
In  the  two  completed  volumes  of  the  Journal  of  Experimental  Medicine, 
twelve  articles  record  results  of  chemical  investigations.  They  include 
contributions  by  AUlrich  on  the  occurrence  of  unoxidized  sulphur  com- 
pounds; a  study  by  Abel  of  the  pigment  of  the  negro;  contributions  from 
the  laboratories  of  the  Harvard  Medical  School  on  the  composition  of 
human  bile  and  on  the  clotting  of  milk ;  and  studies  from  the  laboratories 
of  Bryn  Mawr  College  on  the  digestive  enzymes,  besides  research  on  sub- 
jects and  from  sources  already  mentioned.  The  single  published  volume 
of  the  American  Journal  of  Physiology  contains  the  results  of  seven  chem- 
ical investigations,  including  contributions  by  Mendel  on  edible  American 
fungi  and  an  article  by  Mathews  on  the  chemistry  of  cytological  staining. 
Nearly  one-half  of  the  total  number  of  chemical  investigations  recorded 
in  the  two  periodicals  are  contributions  from  the  laboratories  at  Yale 
University.  This  fact  is  a  fair  index  to  the  activity  at  this  institution  in 
this  branch  of  scientific  research. 

I  cannot  close  without  a  word  in  recognition  of  foreign  scientists. 
American  research  has  been  collateral  with  the  general  progress  of  physi- 
ological chemistry.  While  loth  to  admit  that  American  investigators 
have  altogether  followed  in  the  wake  of  European  masters,  I  yet  recog- 
nize their  considerable  infiuence  on  American  research,  particularly  the 
infiuence  of  German  scientists.  It  Is  not  necessary  to  apologize  for  this. 
The  development  of  science  and  art  in  a  country  necessarily  proceeds 
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slower  than  civil  and  Industrial  progress.  It  Is  fair  to  believe,  however, 
while  still  recognizing  the  unity  of  purpose  In  scientific  work,  that  at  the 
present  day  American  research  In  physiological  chemistry  and  In  the  sci- 
ences generally,  has  gained  a  spirit  of  Independence  and  Is  establishing 
at  home  and  abroad  a  reputation  worthy  of  the  country  whose  Industrial 
and  civil  progress  has  so  amazed  the  world. 


StUDIKS  in  epilepsy:  k  CONTRIBUTION  TO  THE  METABOLISM  IN  NER- 
VOUS DISEASES.  By  S.  Bookman,  M.A.,  Ph.D.,  Associate  In  Physiolo- 
gical Chemistry  at  the  Pathological  Institute  of  The  New  York  State 
Hospitals. 

This  abstract  Is  a  type  of  the  investigations  carried  on  along  these 
lines,  on  several  cases  of  Idiopathic  epilepsy.  The  fluids  studied  were 
the  urine,  blood  and- stomach  contents. 

The  diet  of  the  patient  had  been  carefully  observed,  the  fluids  belni; 
measured  nnd  the  solids  weighed  for  each  meal.  A  twenty-four  hour 
sample  of  the  urine  was  obtained  each  day,  and  the  blood  and  the  stom- 
ach contents  once  each  week.  The  following  quantitative  determinations 
were  made :  Total  solids.  Inorganic  solids,  as  sulphates,  urea,  uric  acid, 
total  nitrogen,  total  phosphoric  acid,  preformed  sulphates,  ethereal 
sulphates,  chlorides,  ammonia,  potash  and  soda.  The  specific  gravity 
was  carefully  determined  and  all  percuntiges  were  based  upon  the 
weight  of  urine  taken. 

Further  than  this  the  toxicity  of  the  urine  was  determined  for  each 
twenty- four  hour  sample,  by  Injecting  ihe  same  Into  the  circulation  of  a 
rabbit  until  death  ensued. 

The  blood  and  the  gastric  contents  were  obtained  once  each  week, 
£wald*s  breakfast  being  administered  on  an  empty  stomach  one  hour  pre- 
vious to  taking  the  lattor. 

Having  obtained  the  various  percentage  present  In  the  urine,  a  table 
was  constructed  containing  the  amounts  present  In  each  twenty-four 
hour  sample,  and  another  table  the  amounts  of  the  various  constituents 
in  the  toxic  dose.  It  will  readily  be  seen  how  little  reveals  Itself  In 
studying  a  table  of  figures.  It  occurred  to  me  to  plot  curves  to  scale, 
of  the  various  constituents  determined.  By  drawing  a  perpendicular 
dotted  line  for  each  convulsion  we  see  at  a  glance  what  has  happened 
during  each  cycle  and  by  comparing  the  dlflferent  curves  we  are  enabled 
to  study  the  metabolic  chancres  In  a  most  comprehensive  manner. 

Thus  the  amounts  of  urine  and  the  specific  gravities  vary  Inversely, 
the  rise  of  one  being  accompanied  by  a  fall  In  the  other.  Total  solids 
fall  during  the  twenty-four  hours  following  a  convulsion,  following  the 
curves  of  the  specific  gravity,  Inorganic  solids  follow  In  a  similar  course, 
as  also  do  the  urea  and  nitrogen.  The  ammonia  seems  to  diminish  prior 
to  a  convulsion,  and  to  rise  during  the  following  twenty-four  hours;  the 
uric  acid,  however,  seems  to  reach  a  maximum  midway  between  each 
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convalslon,  the  amount  excreted  reachiDg  almost  a  minimnm  after  each 
seizure. 

Total  phosphates  increase  during  the  twenty-four  hours  following  each 
convulsion,  indicating  the  destruction  of  nerve  tissue. 

Our  curves  further  show  us  that  after  a  series  of  two  or  three  convul- 
sions, there  is  a  marked  increase  of  ethereal  compared  to  preformed  sul- 
phates. 

Three  or  four  days  prior  to  each  convulsion  the  ratio  of  uric  acid  to 
phosphoric  acid  approaches  to  1 :  1^,  the  condition  prevalent  in  uric  acid 
diathesis. 

We  find  a  marked  fall  of  chlorides  immediately  after  each  convulsion, 
the  total  nitrogen  as  well  falling  slightly  below  the  normal  at  the  same 
time. 

The  toxioify  of  epileptic  urine  varies  from  61  to  305  ccm.  per  kilogram 
of  rabbit,  in  the  case  here  cited,  in  every  instance  the  toxicity  diminishing 
before  a  convulsion  to  rise  after  the  convulsion  had  ceased. 

The  toxicity  of  the  blood  serum  ranges  from  17.2  to  42  ccm.  per  kg. 

The  amount  of  free  acid  in  the  gastric  contents  reached  a  maximum 
several  days  after  a  convulsion,  and  falls  to  a  minimum  immediately  after 
the  seizure. 

A  more  detailed  treatise  on  these  investigations  will  appear  in  an  early 
issue  of  the  Archives  of  Neurology  and  Psycho-Pathology. 


Investigations  on  thk  nature  ok  the  Nissl  granules.  Ry  S.  Book- 
man, M.A.,  Ph.D.,  Associate  in  Physiological  Chemistry  at  the 
Pathological  Institute  of  the  New  York  State  Hospitals. 

The  Nissl  bodies  or  granules  obtained  by  staining  a  precipitated  con- 
stituent of  the  cytolymph  of  the  nerve  cell  according  to  the  Nissl  methy- 
lene blue  method  (Neurologisches  Centralblatt  1894,  p.  607)  are  fine  or 
coarse  floes  found  in  the  nerve  cell  in  smaller  or  larger  proportions  ac- 
cording to  the  condition  of  their  precipitation.  They  are  probably  In  so- 
lution in  the  cytolymph  or  cell  sap,  and  are  either  a  catabolic  or  anabolic 
derivative  of  the  same.  In  short,  they  are  a  constituent  of  the  normal  cyto- 
plasm. Held  has  found  that  these  bodies  are  not  present  in  the  living  cell, 
but  precipitate  in  less  than  thirty  minutes  after  death.  My  experiments 
on  the  changes  of  the  aciility  and  alkali uity  (Proceedings  of  the  N.  Y. 
Pathological  Society,  1898)  have  further  substantiated  these  results.  It 
is  most  likely  that  there  exist  In  a  pathological  state  of  the  body  condi- 
tions analogous  to  those  which  produce  the  Nissl  bodies  in  post-mortem 
material,  viz. :  the  gradual  rise  in  the  acidity  of  the  lymph  or  serum  reduc- 
ing the  natural,  slightly  alkaline  reaction  of  these  fluids. 

On  this  property  of  precipitating  the  Nissl  granules  witli  acid,  I  based 
the  method  of  obtaining  the  same  from  nerve  tissue. 

Preparation,  A  large  number  of  sheep's  brains  were  quickly  removed 
from  the  skull  containing  them,  freed  from  membranes  and  blood  vessels. 
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finely  macerated  and  quickly  put  into  0.76%  sodium  cliloride,  whlcli  cor- 
responds to  a  physiologicnl  salt  solution,  containing  sodium  chloride  in 
about  the  same  proportion  as  ordinary  blood  serum.  These  are  approxi- 
mately the  conditions  present  in  the  body,  and  as  the  material  becomes 
gradually  more  acid  after  death,  the  Nissl  granules  precipitate.  The  ma- 
terial was  removed  and  put  into  the  fluid  within  fifteen  minutes  after 
death.  I  controlled  the  acidity  by  making  detenninations  from  day  to  day 
until  I  found  the  acidity  to  have  reached  a  maximum.  Tliis  mass  was  fil- 
tered, the  filtrate  being  carefully  neutralized  with  1%  sodium  hydrate 
and  filtered  again.  The  Nissl  bodies  being  soluble  In  dilute  alkalies,  they 
were  found  in  the  filtrate.  By  repreclpitating  with  dilute  hydrochloric 
acid,  filtering,  extracting  with  cold  ether  to  remove  any  fat  or  fatty  acids, 
redissolvlng  the  residue  in  dilute  soda  and  repreclpitating  with  dilute  acid, 
a  light  flocculent  precipitate  was  obtained,  which  on  drying  in  vacuum 
presented  a  slightly  yellowish  tinted,  amorphous  powder  soluble  in  di- 
lute alkalies  and  lithium  carbonate,  and  reprecipitated  from  this  solution 
by  dilute  acids. 

These  bodies  In  all  probability  belong  to  the  group  of  nucleo-proteids, 
their  reactions  pointing  in  that  direction. 

The  chemical  composition,  ultimate  analysis  and  coagulation  point,  as 
well  as  further  research  on  these  granules,  will  appear  in  the  Archives  of 
Neurology  and  Psycho-Pathology  at  some  later  date. 


Protrids  op  the  drain.     By  P.  A.  Lkvene,  Pathological  Institute  of  the 
N.  Y.  State  Commission  in  Lunacy,  New  York,  N.  Y. 

The  author  describes  the  separation  by  recent  methods  of  the  protelds, 
nucleo-proteids  and  nuclei ns  in  brain  tissue,  their  identification  and  com- 
position. 

Experiments  on  the  metabolism  of  matter  and  energy  in  the  human 
BODY.     By  W.  O.  Atwater  and  F.  G.  Benedict,  Middletown,  Conn. 


Experiments  on  the  mbtabous.m  of  alcohol  in  the  human  body.    By 
W.  O.  Atwater  and  F.  G.  Benedicf,  Middletown,  Conn. 


A  DIETARY  STUDY  OF  A  BICYCLE  RACER.      By    W.    O.    AtWATER   and    A.    P. 

Bryant,  Middletown,  Conn. 


On  the  availability  of  the  nutrients  of  food  materials.    By  W.  O. 
Atwater  and  A.  P.  Bryant,  Middletown,  C<?nn. 
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Urinary  acidlme iuy  and  alkalimetry.    By  Heinrich  Stkrk. 


The  normal  degree  of  urinary  acidity.    By  Heinrich  Stern. 


On  the  properties  of  galactasb  :  a  puoteolytic  ferment  of  milk.  By 
S.  M.  Babcock  and  H.  L.  Russell,  Wisconsin  Experiment  Station, 
Madison,  Wis. 

The  clianges  wtiicli  occur  during  tlie  ripening  of  clieese  have  been  gen- 
erally attributed  to  the  exclusive  action  of  micro-organisms.  There  are 
however  many  phenomena  associated  with  these  changes  that  cannot  be 
satisfactorily  explained  on  this  basis.  While  engaged  upon  tliis  problem 
the  authors  of  this  paper  discovered  an  inherent  proteolytic  ferment  In  milk, 
to  which  they  have  given  the  name  gnlactase,  and  which  they  believe  to  be 
the  most  important  agent  in  converting  the  insoluble  casein  of  a  green 
cheese  into  peptones  and  other  soluble  proteids  found  in  a  ripened  cheese. 
The  action  of  this  enzyme  is  retarded  by  acids,  in  which  respect  it  ap- 
pears to  be  allied  to  trypsin.  It  decomposes  hydrogen  peroxide  rapidly, 
but  loses  this  power  as  well  as  that  of  digesting  casein  after  having  been 
heated  to  80°  C.  in  neutral  solutions.  It  attaches  itself  to  finely  divided 
proteids  in  suspension,  and  hence  is  found  in  greater  abundance  in  the 
separator  slime  and  cream  than  in  the  skim  milk.  From  the  slime,  concen- 
trated extracts  may  be  obtained.  It  is  precipitated  from  Its  solutions  by 
absolute  alcohol,  but  Its  activity  is  thereby  diminished.  Strong  disinfect- 
ants destroy  it.  Chloroform,  ether  and  benzol  have  been  found  to  be 
the  best  agents  to  prevent  bacterial  growth  and  permit  the  continued 
activity  of  this  enzyme.  It  is  widely  distributed,  being  found  in  all  milks 
that  could  be  obtained  from  difflerent  species  of  animals,  including  cow, 
sheep,  goat,  horse,  hog.  bufl)&lo,  burro  and  human. 


AGRICULTURAL  CHEMISTRY. 
(Under  the  leadership  of  H.  A.  Weber,  Ohio  State  Unlveralty,  Colambus,  O.) 


Light,  A  FACTOR  IN  sugar  production.     By  H.  A.  Weber,  Ohio  State 
University,  Columbus,  O. 

The  following  propositions  in  regard  to  the  influence  of  light  on  the 
sugar  content  of  plants  were  discussed : 
1.    Plants  with  a  long  period  of  vegetation  are  not  so  much  affected  by 
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climiitic  conditions,  location,  etc.,  as  those  haying  a  short  period  of  veg- 
etation. 

2.  For  plants  with  a  short  period  of  vegetation  climatic  conditions 
most  be  taken  into  consideration. 

3.  The  higher  latitudes  are  more  favorable,  other  things  being  equal, 
than  lower  ones. 

4.  Proximity  to  large  bodies  of  water  is  favorable  to  sugar  produc- 
tion. 

5.  Topographical  features  of  land  are  of  importance  in  selecting  loca- 
tion of  sugar  factory. 

6.  Owing  to  an  over- production  of  sugar  in  the  world,  only  such  fac- 
tories can  be  saccessful.  which  have  the  most  favorable  locations. 


The  dbtbkmination  of  starch  in  agricultural  products.    By  J.  B. 
LiNDSEY,  Amherst,  Mass. 


A  NOTE  ON  THE  GROWTH  OF  LUPINS  ON  CALCAREOUS  LANDS.   By  E.  W. 

HiLGAKD,  University  of  California,  Berl?eley,  Cal. 

This  paper  refers  to  the  vegetation  experiments  made  by  Fieinrich  in 
1896  showing  the  sensitiveness  of  lupins  to  carbonate  or  sulphate  of  cal- 
cium in  the  soil. 

Since  California  is  preeminently  the  country  of  lupins  and  nearly  all 
its  soils  are  calcareous,  it  is  evident  that  different  species  vary  in  this 
regard. 

Culture  experiments  with  European  lupins  in  California  for  green- 
manure  purposes  have  been  unsuccessful,  supposedly  because  of  the  cal- 
careous nature  of  the  soil ;  but  it  has  not  l)ecn  shown  that  by  sowing  the 
lupins  in  autumn  they  develop  well  in  soil  containing  fully  1%  of  calcium 
carbonate. 


Some  op  the  important  results  of  the  recent  CHEincAL  investi- 
gations oir  plant  and  animal  cells.  By  E.  A.  dr  Schweinitz, 
Biochemical  Laboratory,  Department  Agriculture,  Washington,  D.C. 


The  composition  of  Ohio  wines.      By  A.  W.  Smith  and  Norman  Parks, 
Cleveland,  Ohio. 

In  determining  the  purity  of  wines  by  analytical  methods,  the  main 
dq>endence  is  usually  placed  on  the  quantities  of  solids,  ash  and  alcohol, 
and  on  the  ratio  of  alcohol  to  glycerol.    If  neither  water  nor  alcohol  has 
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been  added,  this  latter  ratio  should  be  one  hundred  parts  of  alcohol  to 
from  seven  to  fourteen  parts  of  glycerol,  according  to  numerous  analysis 
of  foreign-  and  California-grown  wines.  No  record  being  found  of  analy- 
ses of  authentically  pure  Ohio  wines,  samples  were  made  by  the  authors 
personally  from  ten  different  varieties  of  grapes  most  commonly  grown 
near  the  Ohio  shores  of  Lake  Erie,  where  the  principal  part  of  Ohio 
wines  is  made.  The  methods  of  analysis  were  those  described  in  Vol.  43, 
U.  S.  Department  of  Agriculture,  Division  of  Chemistry.  All  the  constitu- 
ents were  Ibnnd  to  be  similar  to  the  averages  of  those  reported  for  Euro- 
pean and  California  wines,  except  solids,  ash  and  glycerol.  Solids  and  ash 
were  very  slightly  lower  than  ihese  averages.  The  main  difference  was 
In  the  ratio  of  glycerol  to  alcohol,  which  ranged  from  3.9  to  11.8  parts  of 
glycerol  to  one  hundred  parts  of  alcohol,  most  samples  having  about  five 
parts. 

These  results  necessitate  caution  when  judging  as  to  the  addition  of 
water  or  alcohol  to  Ohio  wines  by  these  determinations. 


INDUSTRIAL  CHEMISTRY. 
(Under  the  leaderehip  of  N.  W.  Lord,  Olilo  State  Unlverelty,  Columbus,  O.) 


Thk  valuation  of  coals.    By  N.  W.  Lord,  Ohio  State  University,  Co- 
lumbus, Ohio. 


Dktermination  of  TURBiniTY  IN  WATER.    By  W.  P.  Mason,  Hensselaer 
Polytechnic  Institute,  Troy,  N.  Y. 


Efficibncy  of  thk  Elm  IRA  filtering  plant.     By  W.  P.  Mason,  Rens- 
selaer Polytechnic  Institute,  Troy,  N.  Y. 


The  composition  of  Oscillatoria  proufica  (Grbvillb),0.  rubescens 
(dk  Candollk)  and  its  relation  to  the  quality  of  water  sup- 
plies. By  Isabel  F.  Hyams  and  Ellen  H.  Richards,  Mass.  In- 
stitute Technology,  Boston  ,  Mass. 

The  Increasing  use  of  artlflclul  reservoirs,  often  made  by  draining  the 
water  level  of  a  small  natural  pond  without  previous  cleaning,  brings  a 
corresponding  increase  of  cases  in  which  disagreeable  odors  and  tastes  ap- 
pear in  the  water  at  certain  seasons  of  the  year.  One  of  the  most  dlfflcnlt 
questions  asked  of  the  water  expert  Is,  whether  the  water  so  Infected  Is 
harmful  to  the  human  organism ;  whether  a  water  company  under  con- 
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tract  to  supply  wholesome  water  can  be  shown  to  have  violated  its  pledge 
if  the  water  it  furnishes  is  so  full  of  unabsena  or  synura  or  nroglena  or 
any  one  of  the  list  of  odor-  or  taste-giving  orgiinisms,  as  to  preclude  its 
use  for  drinking  and  to  require  courage  and  faith  to  use  it  for  bathing 
during  two  or  three  months  in  the  year. 

While  these  organisms  make  themselves  unmistakably  known,  they  are 
rarely  to  be  had  in  such  abundance  or  such  purity  as  to  admit  of  the  col- 
lection of  sufficient  amount  for  the  ordinary  chemical  examination.  An 
exception  to  this  rule  is  found  in  the  plant  which  makes  its  home  in 
Jamaica  Pond  in  the  suburbs  of  Boston  and  the  source  of  the  earliest  sup- 
ply for  th6  city  (1795)  and  used  until  taken  for  the  Park  system  in  1891. 

This  plant,  belonging  to  the  blue  green  algae,  named  Oscillatona  rubes- 
cens  by  De  CandoUe,  appears  to  be  similar  to  that  which  was  found  in 
Lake  of  Geneva,  Switzerland,  in  1834-6  and  no  record  of  any  appearance 
elsewhere  in  like  quantity  has  been  found. 

To  our  personal  knowledge  it  showed  abundantly  in  Jamaica  Pond  in 
1886  and  has  continued  until  the  present  time.  It  makes  its  appearance  in 
May  and  lasts  until  July,  when  in  most  years  it  disappears.  During  the 
period  of  its  growth  the  whole  mass  of  water  appears  a  brownish  red, 
a  color  like  dried  blood,  and  on  still  mornings  after  a  hot,  sunny  day, 
large  patches,  manv  square  yards  in  extent,  of  an  oran;>:e  brown  cream, 
are  found  floating  on  the  surface.  These  are  composed  of  the  new  growth 
of  the  day  before  and  soon  become  distributed  into  the  deeper  layers  by 
the  wind,  or  are  driven  on  shore  to  decay  on  the  rocks,  giving  to  them  a 
rich  purple  coating,  while  the  surface  of  the  water  Is  covered  with  a 
froth,  especially  around  the  edges.  The  odor  of  growth  is  a  strong  grassy 
odor,  not  unpleasant,  but  the  odor  of  decay  is  intensely  disagreeable,  fe- 
tid rather  than  putrefactive.  In  years  when  the  plant  is  abundant,  the 
odor  is  evident  along  the  shores  of  the  pond,  but  as  a  rule,  it  is  not  dls- 
distinguishable  to  any  but  the  experienced  nose.  The  fact  that  this  plant 
occurs  as  an  almost  pure  culture,  and  when  taken  from  the  patches  of 
cream  may  be  used  directly  for  experiment,  renders  it  peculiarly  fitted  for 
examination  chemically. 

It  contains : — 

Nitrogen    S    P    CaO    MgO     Iron       Ash 

11%       .70  .47   .35%    .13%  present     3.37% 

It  is  evident  that  the  products  of  decomposition  have  a  good  right 
to  yield  odors.  Whether  these  substances  are  harmful  in  these  small 
quantities,  remains  to  be  proved.  Reasoning  from  analogy,  we  should 
expect  to  see  effects  only  from  long  continued  use;  certainly  we  have  ex- 
perienced no  ill  effects  from  the  rather  large  doses  which  we  have  taken 
in  the  course  of  the  examination,  and  during  the  years  of  its  gr^test 
abundance,  1886  to  1891,  the  pond  was  still  used  as  a  water  supply  with 
no  known  ill  effects.  Although  we  obtained  a  considerable  quantity  of 
the  material,  the  losses  at  each  stage  of  the  process  in  working  on  an 
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entirely  unknown  substance,  left  as  with  only  small  samples,  too  small  in 
most  cases  for  purification  sufficient  to  warrant  a  complete  determination 
of  the  composition.  However,  we  have  succeeded  In  obtaining  from  the 
fresh  material,  in  a  more  or  less  pure  form : 

1.  A  brilliant  blue  green  oil  of  exceedingly  pungent  odor  when  heated, 
affecting  most  painfully  the  upper  portion  of  the  nostrlL 

2.  A  yellow  green  chlorophyll  giving  the  usual  spectrum  bands. 

3.  A  brilliant  red  substance  containing  sulphur  and  nitrogen,  giving 
the  taste  and  odor  of  onions,  which  dyes  silk  and  wool  a  fine  pink  color 
and  which  we  have  named  rube  seine. 

4.  A  substance  which  crystallizes  with  a  beautiful  metallic  lustre, 
soluble  in  chloroform,  ether  and  acetone  to  a  brilliant  orange,  and  which 
on  oxidation  dyes  silk  and  wool  a  fine  yellow.  The  relation  of  this  to 
rubescine  has  not  been  fully  determined. 

5.  An  intensely  bitter  substance  which  may  not  have  been  completely 
purified,  since  it  is  yet  green  and  dyes  silk  a  delicate  green.  This  we 
have  called  oscillarine. 

6.  A  vegetable  mucilage  similar  to  that  in  Irish  moss. 

7.  A  nitrogenous  substance  or  vegetable  albumen. 

8.  A  saponine  or  digitouin,  which  is  the  substance  giving  the  frothing 
eflTect  to  the  water  of  the  pond  and  which  gives  a  delicate  red  color  to  the 
acid  solution  containing  it. 

9.  A  brilliant  purple  resulting  from  slow  oxidation  of  one  of  the 
others. 

The  two  reddish  coloring  matters  are  obtained  only  by  a  modification 
of  the  usual  plant  analysis,  namely,  extraction  of  the  fresh  material  with- 
out previous  drying. 

Having  determined  the  habits  of  the  plant  and  worked  out  methods  for 
isolating  these  substances,  we  now  await  another  season  in  order  to  se- 
cure a  sufficient  quantity  of  fresh  material  to  identify  each  one  fully  and 
to  test  their  physiological  eftects. 


The  Lk  Seuer  electrolytic  prockss  for  the  production  of  caustic 
SODA  AND  bleaching  POWDER.  By  Chas.  L.  Parsons,  Durham,  N.  H. 


Keview  of  the  electrolytic  processes  for  the  production  of  caus- 
tic soda  and  bleaching  POWDER.    By  Chas.  L.  Parsons,  Durham, 

N.  H. 


The  alum  question  in  water  purification.    By  E.  G.  Smith,  Belolt, 
Wis. 
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The  bffkct  of  an  blbctkolytic  bath  on  thk  tanning  of  lbathek.  By 
0.  F.  Mabbry  and  K.  Landorebr,  Case  Scientific  School,  Cleveland, 
Ohio. 

Wb  find  the  time  required  to  tan  hides  completely  is  considerably  re- 
duced in  an  electric  bath.  We  also  find  that  the  percentage  of  nitrogen 
in  leather  produced  in  an  electric  bath  is  lower  than  in  leather  tanned  in 
the  ordinary  way.    Results  will  be  given. 


SOMB  RBCORDS  OF  THR  YRAR's  PROGRESS  IN  APPLIED  CilKMISTKY.      By  Wm. 

McMuRTRiK,  New  York,  N.  Y. 


ThB  PROGRESS  IN  UTILIZATION  OF  CITY  GAKBAGK,  WITH  SPECIAL  REFERENCE 

TO  THB  NEW  PLANT  IN  BOSTON.    By  Bruno  Terne,   Philadelphia,  Pa. 


On  the  removal  of  hardness  from  water  for  boiling  purposes.  By 
C.  F.  Mabery  and  E.  B.  Baltzi.y,  Case  Scientific  School,  Cleveland, 
Ohio. 

Wb  find  that  all  sorts  of  hard  water,  whether  caused  by  calcium  car- 
bonate or  calcium  sulphate,  also  water  with  large  quan titles  of  suspended 
matter,  have  the  lime  removed  to  the  extent  of  90-98%  and  the  suspended 
matter  completely  precipitated  In  the  cold  after  the  water  has  stood 
twenty-four  hours  with  about  half  the  calculated  amount  of  sodium 
aluminate,  the  proportion  of  the  reagent  depending  somewhat  on  the  com- 
position of  the  water. 

A  great  variety  of  waters  have  been  examined  with  this  reagent  with 
excellent  results. 


A  NEW  PROCESS  for  THB  COMMERCIAL  PRODUCTION  OF  OXYGEN  AND  ITS 

INDUSTRIAL  APPLICATIONS.     By  RoMVN  HiTCHCOCK,  Ncw  York,  N.  Y. 


On  the  occurkknce  of  strontium  and  barium.     By  J.  H    Kastle  and 
W.  A.  Bbatty,  State  College  of  Kentucky,  Lexington,  Ky. 

The  occurrence  of  the  strontium  and  barium  in  the  limestones  of  Central 
Kentucky  has  been  investigated.  Altogether  about  one  hundred  speci- 
mens of  limestone  have  been  examined  spectroscoplcally  for  strontium  and 
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barium :—  ten  from  the  Lower  Hudson ;  thirty  from  the  Trenton  and  fifty 
from  the  Binlseye  and  Chazy  limestones  from  the  Kentucky  river  gorge 
at  High  Bridge.  Besides  these  limestones,  a  number  of  calcites,  aragon- 
Ites  and  heavy  spars  have  also  been  examined;  and  also  a  number  of  tlie 
natural  waters  of  this  region.  Both  strontium  and  barium  have  been 
found  In  all  of  these  limestones  and  waters, —  the  former  in  quantities 
varying  from  0.01473  to  0.07365  per  cent  of  strontium  carbonate.  The 
quantities  of  barium  have  not  yet  been  determined.  The  results  of  tills 
investigation,  together  with  those  of  Hillebrand  on  the  occurrence  of  these 
two  elements  In  the  silicate  rocks,  leave  little  room  for  doubt  as  to  the 
universal  association  of  calcium,  strontium  and  barium  in  nature.  In  this 
connection  attention  was  called  to  the  fact  that  in  general.  It  would  seem, 
two  representative  elements  of  each  group  occur  abundantly  in  nature 
the  remaining  elements  of  the  group  being  rare. 


TlIK  OXID.VnON  OF  FORMIC  ALDEHYDE  BY  HYDUOGEX  PEROXIDE.      By  J.   H. 

KASTLEand  A.  S.  Lovenhart,  State  College  of  Kentucky,  Lexington, 
Ky. 

The  velocity  of  the  oxidation  of  formic  aldehyde  by  hydrogen  peroxide, 
in  aqueous  solution,  at  ^  normal  dilution,  has  been  determined  for  the  fol- 
lowing temperatures,  viz  :  260C.,  30°C.,  40^0., 50°0.,  fiO^C,  70°C.,  8n^C., 
90°C.,  98°C.  At  ordinary  temperatures  the  oxidation  proceeds  with  ex- 
treme slowness,  whereas,  at  90^  to  98°C.  it  becomes  almost  instantJineous. 
The  coefficients  of  velocity  calculated  according  to  ihe  equation  for  bl- 
molecular  reactions  were  found  to  give  constant  values  for  any  given  tem- 
perature. It  was  observed  further  that  light  accelerated  the  oxidation. 
This  acceleration  proved  to  be  greatest  for  lower  temperatures,  gradually 
diminishing  as  the  temperature  was  raised  until  at  90°C.  the  coefficients 
of  velocity  in  light  and  dark  bt^came  the  same.  The  effect  of  acids  and 
bases  on  the  progress  of  the  reaction  was  also  investigated.  Acids  were 
found  to  produce  a  slight  acceleration  on  the  rate  of  change,  and  in  the 
ratio  of  their  strength.  Bases  were  found  to  accelerate  the  reaction  very 
greatly.  Sodium,  potassium  and  barium  hydroxides  were  found  to  accel- 
erate to  about  the  same  degree,  and  each  of  the-ie  acted  much  more  strongly 
than  ammonia.  It  was  found  further  that  even  alkaline  salts  greatly  ac- 
celerated the  oxidation,  so  that  the  reaction  gives  promise  of  being  useful 
in  the  determination  of  the  hydrolysis  of  alkaline  salts.  Further  studies 
along  this  line  are  now  in  progress. 


Catalysis.     By  J.  H.  Kastlk  and  J.  C.  W.  Frazkr,  State  College  of 
Kentucky,  Lexington,  Ky. 

The  numerous  theories  which  have  been  put  forward  by  different 
observers  were  reviewed  at  some  length  and  some  of  the  difficulties  in 
the  way  of  their  acceptance  pointed  out.    As  the  result  of  our  studies 
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on  the  hydrolysis  of  sulphonic  ethers  especially  we  have  been  led  to  make 
the  following  assumptions  regarding  the  catalytic  process : 

First,  That  the  catalytic  changes  involved  in  etheriflcation,  the  hydroly- 
sis of  ethereal  and  metallic  salts  and  acid  amides,  and  the  Inversion  of 
cane  sugar  and  similar  compounds  by  acids,  are  essentially  the  same  in 
kind. 

Secondly,  That  hydrolysis  and  ether iflcation  are  always  preceded  by 
the  formation  of  an  unstable  addition  product  of  the  substance  under- 
going the  catalysis  and  the  acid  causing  the  same ;  and  that  it  is  the 
decomposition  of  this  unstable  addition  product  by  water  or  alcohol  that 
gives  the  ultimate  products  of  the  catalysis. 

Thirdly,  That  this  unstable  addition  product  is  produced  by  the  combi- 
nation of  the  ions  of  the  acid  causing  the  catalysis  with  the  anhydride  or 
oxide-like  oxygen  or  element  of  the  compound  undergoing  the  change. 

In  support  of  these  suppositions  attention  was  called  to  the  general 
conduct  of  the  carbonic  and  sulphonic  ethers.  The  many  catalytic  changes 
produced  by  sulphuric  acid  especially  become  readily  intelligible  in  the 
light  of  this  hypothesis.  Attention  was  called  also  to  the  unstable  salts 
of  the  carbonic  acid  amides  and  to  the  peculiar  acid  addition  products  of 
alkyl  oxides  as  being  examples  of  the  addition  products  demanded  by 
this  theory ;  and  to  the  fact  that  hydrolysis  is  possible  in  the  case  of 
both  of  these  classes  of  compounds.  This  hypothesis  necessarily  involves 
the  idea  of  the  quadrivalence  of  the  oxygen  atom,  and  while  the  necessity 
for  such  a  supposition  may  not  be  admitted  by  some,  it  will  be  recalled 
that  BrQhl  reached  a  similar  conclusion  from  his  study  of  hydrogen  per- 
oxide ;  and  as  he  (Briihl)  has  already  indicated  in  this  connection  many 
difficulties  now  almost,  if  not  quite,  insurmountable  would  disappear  on 
the  assumption  that  water  is  an  unsaturated  compound.  In  the  catalysis 
of  nitrogen  compounds  there  would  be  involved  a  change  in  the  valence 
of  the  nitrogen  atom  from  three  to  five.  This  certainly  involves  no 
difficulties;  and  If  not  among  nitrogen  compounds,  then  why  should  it 
among  oxygen  derivatives,  especially  when  the  changes  involved  are  evi- 
dently nindamentally  related? 
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[abstracts.] 

Time  tests  of  timber  in  comprkssion  endwise.  By  Prof.  J.  6.  Johnson, 
Washington  University,  St.  Louis,  Mo. 

Some  sixty  tests  were  made  on  dry,  long  leaf  pine  blocks,  li  In.  sqnare 
and  8  In.  long,  all  cut  from  the  same  2-in.  plank.  Sticks  were  first  cut 
out  2  in.  square  and  48  in.  long,  and  these  dressed  down  to  li  in  square, 
and  then  cut  into  sixteen  pieces  each  3  in.  long,  by  n  power  cross-cut 
saw.  Alternate  specimens  were  then  tested  in  compression  endwise  in  the 
ordinary  manner  in  a  Kiehl6  testing  machine,  and  the  crushing  strength 
determined.  The  intervening  specimens  were  then  loaded  with  certain 
percentages  of  the  average  strength  of  the  two  adjacent  specimens,  and 
this  load  left  on  till  failure  occurred,  and  the  time  noted.  The  load  was 
made  constant  by  using  a  geared  RiehI6  30,000  pound  testing  machine,  and 
mounting  the  specimen  upon  a  nest  of  helical  car  springs  which  would 
deform  about  an  inch  under  the  maximum  load  upon  the  specimen.  The 
time  tests  began  by  putting  95%  of  the  breaking  load  on  the  specimen, 
then  90%,  85%,  80%,  and  so  on.  ITie  lowest  time  load  was  65%  of  the 
breaking  load.  There  were  a  number  of  time  tests  for  each  period  and 
when  the  averages  were  taken  they  plotted  into  a  very  smooth  time  curve, 
from  which  the  following  table  is  taken : 


Percentage  of  crush- 
ing load  imposed. 

90% 

80% 

75% 

70% 

65% 

Time,  in  hours,  re- 
quired to  produce 
failure      .... 

10  min. 

16  hrs. 

36  hrs. 

72  hrs. 

200  hrs. 

These  tests  were  made  in  April  and  May,  1898,  the  material  having  been 
stored  in  my  testing  laboratory  for  four  years,  and  kept  in  the  laboratory 
during  these  tests.  To  make  such  a  series  entirely  free  from  moisture 
effects,  due  to  changes  in  the  hygrometrlc  conditions  of  the  atmosphere, 
all  the  specimens  should  be  shellacked  as  soon  as  cut  out,  to  hold  them  to 
a  constant  moisture  condition.  The  above  results  must  be  accepted  as 
approximate  only,  because  this  was  not  done. 

(248) 
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On  thk  okanular  composition  of  Portland  cbmknt.    By  Prof.  J.  B. 
Johnson,  Washingtoa  University,  St.  Louis,  Mo. 

TuK  finest  sieve  which  is  commercially  practical  Tor  testing  the  fineness 
of  cement  is  one  containing  about  150  meshes  per  linear  Inch.  What 
passes  such  a  sieve  is  commonly  supposed  to  be  an  impalpable  powder, 
and  to  be  all  active  in  the  setting  process.  By  using  the  Schdne  wash- 
ing apparatus,  with  coal  oil.  the  writer  separated  out  finer  grades  of 
unground  particles  of  the  burned  clinker,  running  from  0.03  mm.  to  0.12 
mm.  in  mean  diameter,  leaving  only  about  forty  per  cent  of  the  original 
cement  composed  of  panicles  having  a  less  mean  diameter  than  say  0.02 
mm.  By  washing  the  above  coarser  grades  with  benzene  and  drying, 
and  then  wetting  with  water,  they  showed  no  tendency  to  set  or  harden; 
whereas  the  finest  portion,  when  so  treated,  did  harden  In  a  normal  man- 
ner. This  shows  that  there  is  probably  not  over  30  or  40  per  cent  of 
ordinary  Portland  cement  which  is  active  in  the  hardening  process.  The 
rest  Is  inert  and  like  so  much  sand. 


A  COMBINATION  ABSORPTION  AND  TRANSMISSION  DYNAMOMKTBR  FOR  LAB- 
ORATORY PURPOSES.  By  Prof.  John  Joseph  Flathbr,  University  of 
Minnesota,  Minneapolis,  Minn. 

In  this  paper  the  author  described  some  recent  improvements  upon  his 
hydraulic  transmission  dynamometer,  the  most  notable  feature  being  the 
employment  of  a  water  cooled  pulley  and  a  perforated  rim  which  permits 
the  use  of  a  brake  band  that  can  be  used  for  absorbing  the  power  furnished 
to  the  machine.  The  fixed  pulley,  which  is  ordinarily  used  to  connect  the 
dynamometer  to  the  machine  to  be  driven,  has  internal  fianges  for  carry- 
ing the  cooling  water,  and  the  rim  Is  furnished  with  a  number  of  brass 
bushings  drilled  through  endwise,  and  provided  with  aiegulating  screw  by 
which  the  amount  of  water  admitted  to  the  brake  Is  readily  controlled. 
The  brake  band  is  a  three-ply  cotton  belt  seven  inches  wide  connected 
through  two  sets  of  tension  springs  to  the  brake  regulating  screw. 

It  will  be  readily  understood  that  the  brake  band  may  be  quickly  re- 
moved, thus  converting  the  machine  into  a  regular  transmission  dynamom- 
eter. In  either  case  an  automatic  record  is  obtained  on  a  roll  of  paper 
which  Is  caused  to  pass  with  uniform  motion  under  an  indicator  pencil 
that  records  variations  of  pressure. 

In  addition  to  the  force  curve  traced  by  the  indicator  pencil  the  zero  or 
datum  line  Is  traced  by  another  pencil  which  is  adjustable  In  position  and 
may  be  located  at  pleasure  on  a  line  parallel  with  the  axis  of  the  shaft. 
Thus  one  Is  enabled  to  measure  the  total  power  required  to  run  a  given 
machine  or  any  subdivided  part  of  it.  The  two  cylinders  through  which 
the  driving  power  is  transmitted  are  each  ten  square  inches  In  area  and 
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are  provided  with  bronze  pistons  actuated  by  plunger  pins  whicii  may  he 
located  in  either  of  two  positions:  the  inner  for  ordinary  work;  the 
outer  for  heavy  work,  say  when  It  is  required  to  measure  20  H.  P.,  or 
when  the  speed  of  rotation  is  very  slow. 

It  will  be  understood  that  springs  of  varying  degrees  of  Intensity  may 
be  used  to  transmit  the  pressure  from  shaft  to  indicator  pencil.  These 
springs  are  changed  as  in  any  ordinary  Indicator. 

The  work  of  friction  of  the  plunger  in  the  cylinder  is  practically  elim- 
inated since  the  combined  area  of  the  plungers  is  so  much  greater  than 
in  the  Indicator  piston,  and  since  the  Indicator  motion  multiplies  the  dis- 
tance moved  by  the  Indicator  piston  five  times,  it  will  be  seen  that  the 
motion  of  the  plungers  is  very  small.  The  more  recent  machines  are 
provided  with  iidjaatable  casters  which  permit  the  weight  of  the  dyna- 
mometer to  be  carried  by  wheels  or  to  rest  firmly  on  the  floor,  as  desired. 


MrTHODS  op  DF/PERMINING   THK  FHEQUENCV   of  alternating   CUKRRNT8. 

By  Carl  Kinsley,  Washington  University,  St.  Louis,  Mo. 

The  accurate  determination  of  the  frequency  Is  essential  for  the  correct 
computation  of  the  relations  between  electro-motive  force,  current,  self 
induction  and  capacity.  Since  the  periodicity  must  usually  be  squared  It 
Is  essential  that  the  determination  be  made  quickly  and  with  but  little 
error. 

Dr.  John  Hopklnson  was  the  first  to  use  a  stretched  steel  wire  actuated 
by  an  electro-magnet  and  when  the  condition  of  maximum  resource  was 
found  the  periodicity  was  calculated  from  the  constants  of  the  wire  and 
its  tension. 

Dr.  Campbell  (Phil.  Mag.  Aug..  1896)  proposed  the  use  of  an  Iron  rod 
which  was  thrown  into  resonance  In  th<!  same  way.  From  the  constants 
of  the  rod  and  Its  length  the  periodicity  was  computed,  'i'he  rod  he  found 
could  be  more  easily  used  than  the  wire. 

Another  method  capable  of  great  accuracy  and  easy  manipulation  in- 
cludes the  use  of  a  telephone  in  the  alternating  current  circuit  and  a  res- 
onance tube,  by  means  of  which  the  periodicity  may  be  calculated  from 
equations  or  it  can  be  gotten  from  tables  already  computed  (Kinsley, 
Phil.  Mag.  April,  1898). 

A  very  satisfactory  method  will  be  one  which  Includes  the  use  of  a 
metal  strip  as  the  primary  resonator  whose  periodicity  may  be  changed 
by  means  of  an  added  wel<;ht.  An  electro- magnet  may  be  used  as  In  the 
first  two  cases  to  set  this  into  vibration.  The  periodicity  can  be  calculated 
from  the  constants  of  the  vibrator  (Lord  Raylelgh,  "Theory  of  Sound"), 
or  a  complete  calibration  citn  be  made  by  two  determinations.  It  will 
usually  be  more  satisfactory  to  standardize  by  actually  determining  the 
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periodicity  of  two  adjustments  of  the  resonator.  The  equation  to  be  used 
for  that  purpose  is 

««  =2)r»m-|- A7/  where 

t  =  time  of  one  complete  oscillation, 

I  =  distance  of  the  sliding  weight  from  the  support, 
m  =  mass  of  the  slider, 

I I  =  length  of  the  vibrating  rod. 

D  and  K  are  the  constants  of  this  particular  apparatus  which  may  be 
either  calculated  or  obtained  by  experiment. 

The  condition  of  resonance  is  obtained  with  great  readiness  and  the  de- 
termination may  be  made  with  as  great  accuracy  as  may  be  desired. 


On   tub  KVAPORATIO.N    AND  SEEPAGE  FROM   RESERVOIRS.      By    Frof.    L.  G. 

Carpenter,  Fort  Collins,  Colo. 

From  two  seasons*  measurements  on  a  series  of  reservoirs  in  Colorado, 
the  author  determines  that  in  those  cases  the  loss  from  seepage  is  much 
less  than  from  evaporation,  amounting  to  about  two  feet  in  depth  per  an- 
num. Eleven  years*  determination  of  evaporation  shows  the  loss  from 
that  source  to  be  forty-one  inches  from  his  standard  tank.  From  the 
reservoirs  under  observation,  several  years'  record  indicates  a  loss  of 
about  sixty  inches  from  evaporation. 

[This  paper  is  printed  as  Bulletin  No.  46,  Colorado  Agricultural  Experi- 
ment Station.] 


Losses  from  rivers.    By  Prof.  L.  G.  Carpentbu,  Fort  Collins,  Colo. 

The  author  reports  the  results  of  a  series  of  measurements  made  on  a 
number  of  rivers  in  Colorado.  Two  measurements  were  made  on  the 
Rio  Grande  del  Norte  over  a  stretch  of  eighty  miles ;  fourteen  measure- 
ments on  the  Cache  a  la  Poudre  for  forty  miles ;  one  on  the  Arkansas  for 
two  hundred  miles;  one  on  forty  miles  of  the  big  Thompson;  seven  on  the 
South  Platte  for  one  hundred  and  fifty  miles ;  a  distance  of  over  two  thous- 
and miles  gone  over  in  detail,  and  on  which  all  water  taken  out  by  ditches 
or  entering  through  tributaries  was  measured. 

While  gains  from  seepage  is  the  rule,  there  are  sections  on  nearly  all 
of  these  streams  where  losses  are  found  year  after  year  and  sometimes  to 
a  considerable  extent.  The  Rio  Grande  loses  from  seventy  to  one  hundred 
cubic  feet  per  second  in  a  distance  of  ten  miles.  On  the  other  streams 
the  loss  is  less.    In  the  case  of  the  Platte  there  is  some  reason  to  think 
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that  a  portion  of  the  water  reappears.  In  the  case  of  the  Rio  Grande, 
neither  the  water  thus  disappearing  from  the  river,  nor  the  water  sinking 
in  the  numerous  small  streams,  reappears  within  Colorado. 


On  the  testing  of  stbam-pipb  coveks.     By  Cuas.  L.  Norton,  Boston, 
Mass. 

Thr  manifest  economy  attendant  upon  the  use  of  some  sort  of  a  non- 
conducting cover  to  prevent  loss  of  heat  from  a  hot  steam  pipe  has  led  to 
many  tests  of  the  relative  efficiency  of  materials  iu  use  for  this  purpose. 
There  is  a  considerable  discrepancy  between  the  reported  tests  upon  the 
efficiency  of  the  materials  in  most  common  use,  and  there  are  some  new 
materials  used  for  this  purpose.  The  facts  seemed  to  warrant  further  in- 
vestigation of  the  subject. 

A  series  of  tests  has  been  made  by  means  of  an  apparatus  devised  by 
the  writer.  A  piece  of  steam  pipe  was  heated  electrically,  by  means  of  a 
coil  of  wire  in  oil  within  the  pipe. 

The  amount  of  energy  necessary  to  keep  the  pipe  at  a  definite  tempera- 
ture is  measured.  Since  the  energy  supplied  is  just  sufficient  to  keep  the 
pipe  at  a  constant  temperature  it  is  therefore  just  equal  to  the  energy  lost 
by  the  pipe.  Hence  from  the  electrical  energy  supplied  we  may  compute 
the  heat  lost  from  the  outside  of  the  pipe.  The  economy  of  the  use  of 
some  of  the  better  covers  is  computed,  and  further  an  examination  of  the 
flre-resistlng  properties  of  the  several  covers  is  made. 


High  speed  inkluenck  machines.    By  Chas.  F.  Warner,  Cambridge, 
Mass. 

The  causes  of  the  electro-motive  force  in  influence  machines,  their  re- 
versals and  certain  other  peculiarities  are  not  known ;  hence  improvements 
have  been  eflfected  by  purely  experimental  means.  A  reference  to  some 
properties  of  earlier  machines  is  made  and  to  recent  improvements  under 
patents  by  Waite,  Myers  and  Rose,  Holopeter  and  Elihu  Thompson. 

The  special  Improvements  which  it  is  tht;  main  purpose  of  this  paper  to 
recount  are  eflfected  by  special  insulation ;  improved  contacts,  careful  bal- 
ancing of  revolving  parts  and  peculiar  driving  mechanism.  The  inconven- 
ience from  reversals  is  largely  overcome  by  a  newly-devised  commutator. 
In  order  to  provide  for  discharges  of  great  frequency,  such  as  are  re- 
quired, for  example,  to  produce  the  Roentgen  rays  eflTectively,  the  princi- 
pal aim  has  been  to  secure  high  speed  with  ease  and  safety.  Two  forms 
have  resulted :  one,  designed  for  compactness,  has  ball  bearings  of  the 
highest  grade;  the  other,  of  larger  dimensions,  has  gun-metal  bearings. 
The  speed  attained  exceeds  4,000  revolutions  per  minute,  which  is  the 
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highest  rate  I  have  been  able  to  find  recorded  for  influence  machines. 
The  resnlting  discharges  are  of  great  frequency  and,  for  certain  purposes, 
are  remarkably  efficient. 


A  DYNAMOMRTBR  FOR  MBA8DRING  THE  WORK  DONE  IN  PULLING  A  IRAIN. 

By  Prof.  Thomas  Gray,  Terre  Haute,  Ind. 

This  is  a  spring  dynamometer  provided  with  attachments  for  integrat- 
ing the  total  work  done  during  any  particular  run  and  also  with  auto- 
graphic appliances  for  recording  the  pull  at  any  instant  during  the  run. 
The  peculiarity  of  the  spring  part  is  that  the  springs  are  held  in  sufficient 
compression,  by  means  of  a  strong  steel  frame,  to  allow  the  pull  to  be 
applied  at  the  middle  of  the  spring.  In  this  way  one  part  of  the  spring 
is  relieved  of  compression  while  the  other  part  has  its  compression  in- 
creased. The  object  is  to  provide  deflniteness  of  zero  and  constancy  of 
scale  from  the  beginning  of  the  pull.  The  pull  is  applied  to  one  end  of 
the  steel  frame  and  to  a  stiff  plate  introduced  into  the  middle  of  the 
spring  system.  The  middle  plate  is,  relatively  to  the  frame  of  the  dyna- 
mometer, the  movable  plate.  This  plate  carries,  by  means  of  an  arm 
attached  to  it,  the  Integrating  mechanism.  This  consists  of  a  revolution 
counter  provided  with  a  friction  wheel  intended  to  roll  on  the  surface  of 
a  flat  disk  which  turns  with  a  speed  proportional  to  that  of  the  car. 
When  the  pull  is  zero  the  friction  wheel  is  adjusted  so  that  rotating  the 
disk  does  not  turn  it.  Afterwards  the  rate  of  revolution  Is  proportional 
to  the  product  of  the  pull  on  the  spring  and  the  speed  of  the  car.  When 
a  reconi  of  the  pull  at  any  instant  is  desired  the  arm  which  carries  the 
counting  mechanism,  or  a  separate  one,  is  provided  with  a  pen  which  is 
arranged  to  write  on  a  l)and  of  paper  fed  forward  by  the  motion  of  the 
car. 

[This  paper  is  published  in  full  in  the  Railroad  Gazette.] 


Instruments  and  methods  of  htdkographic  measurements.  •  By  F.  H. 
Newell,  U.  S.  Geological  Survey,  Washington,  D.  C. 

By  the  organic  law  creating  the  Geological  Survey,  the  Director  is 
charged  with  the  duty  of  the  classification  of  the  public  lands  and  exam- 
ination of  the  geological  structure,  mineral  resources,  and  products  of 
the  national  domain.  Under  this  general  law  extensive  surveys  have  been 
carried  on  through  nearly  nineteen  years.  It  has  i>een  found  that  through- 
out a  great  part  of  the  country  the  most  valuable  of  the  natural  resources 
is  the  water.  Especially  is  this  true  of  the  western  half  of  the  United 
States  where  all  land  values  rest  upon  questions  of  water  supply.  The 
subject  of  the  hydrography  of  the  country  was  thus  early  forced  upon  the 


Digitized  by 


Google 


MBCHANICAL   8CIENCB   AMD   EMGINBKRIMO.  249 

attention  of  the  topographers  and  geologists  of  the  survey  and  a  large 
amoant  of  information  collected  as  incidental  to  other  work.  In  1888 
the  division  of  hydrography  was  created,  systematizing  the  observations 
and  data  bearing  upon  the  water  resources  and  examinations  were  begun 
of  the  distribution  and  fluctuations  of  waters  above  and  under  ground. 
The  methods  employed  have  resulted  from  many  years  of  experience  and 
are  of  a  character  such  as  to  obtain  the  desired  information  with  an  ac- 
curacy consistent  with  a  fair  degree  of  scientific  value,  and  yet  with  full 
consideration  of  the  expenditure  available. 

In  the  measurement  of  various  streams,  especially  of  the  larger  rivers, 
it  has  been  found  desirable  to  seek  a  locality  where  the  bed  and  banks  are 
fairly  stable  and  the  velocity  of  the  water  moderate.  The  width  and 
depth  have  been  obtained  by  direct  measurements  and  the  rate  of  flow  de- 
termined at  various  points  in  the  cross  sections  by  means  of  various  forms 
of  current  meters.  Computations  based  upon  the  slope  and  other  factors 
have  been  made  in  a  few  instances,  but  mainly  as  a  matter  of  curiosity  to 
note  the  possible  accordance  with  the  results  of  detailed  current  meter 
measurements.  Estimates  of  the  flow  over  weirs  or  dams  have  been  had 
occasionally,  but  the  uncertainties  involved  in  the  leakage  and  discharge 
through  gates,  water  wheels,  etc.,  have  been  so  great  that  little  reliance 
has  been  placed  upon  these  computations.  The  great  bulk  of  the  data 
has  been  derived  from  computations  based  upon  the  direct  measurement 
of  velocities  throughont  the  cross  section  of  a  stream  at  times  when 
standing  at  varions  heights. 

At  the  selected  points  daily  observations  of  the  height  of  water  are 
made  and  by  means  of  these  and  the  occasional  discharge  measurements 
computations  are  had  of  the  daily  discharge.  From  the  facts  thus  afforded 
graphic  diagrams  have  been  constructed  and  averages  drawn  for  the  mopth, 
the  results  being  expressed  in  cubic  feet  per  second  or  in  depth  in  inches 
of  the  run-oflr  from  the  entire  drainage  basin.  The  diagrams  afford  a 
means  of  comparing  the  regimen  of  one  river  with  another  and  of  noting 
fluctuations  day  by  day  or  year  by  year. 


Thb  detkkmination  of  the  lamp  hours  per  day  available  for  elec- 
tric UGIITIKGFROM  A  STORAGE  BATTERY  PLANT  DKIVBN  BY  A  TWBLVK- 

FOOT  AERMOTOK.    By  Prof.  C  L.  Crandall,  Cornell  University,  Ith- 
aca, N.  Y. 

In  estimating  the  cost  of  operatln;;  a  small  power  plant  the  cost  of  at- 
tendance may  form  a  large  percentage  of  the  total.  It  is  this  fact,  the 
absence  of  a  fuel  account  and  the  low  cost  of  maintenance  proper,  which 
allows  the  windmill  still  to  compete  successfully  with  other  prime  movers 
for  small  units. 

The  uncertainty  in  the  supply  is  not  very  serious  for  pumping,  where 
storage  can  be  provided,  and  for  many  other  purposes.    Its  effect  how- 
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ever  is  to  increase  the  size  of  mill,  and  Iience  the  interest  and  depreciation 
charges,  for  a  given  service.  This  is  especially  the  case  for  electric  light- 
ing where  the  cost  for  storage  by  a  storage  battery  forms  an  important 
part  of  the  total  and  Increases  rapidly  with  the  storage  capacity. 

On  this  account  the  following  estimate  of  the  daily  lamp  hours  available 
for  lighting  with  a  i  K.  W.  dynamo  and  a  twelve-foot  aermotor  may  be  of 
interest. 

The  power  of  the  mill  for  different  wind  velocities  is  taken  from  tests 
of  a  similar  mill,  published  by  E.  C.  Murphy  in  the  Engineering  News, 
Aug.  19,  1897.  The  efficiency  of  the  dynamo,  and  the  current  of  given 
voltage  required  per  lamp,  are  obtained  from  the  tests  at  the  physical 
laboratory  of  Cornell  University.  The  efficiency  of  the  storage  battery  is 
estimated.  The  wind  velocity  is  taken  from  the  records  of  the  New  York 
State  Weather  Bureau  at  Ithaca,  for  a  year  beginning  July  1,  1897. 

From  the  power  of  the  mill  and  the  efficiency  of  the  dynamo  and  storage 
battery,  the  curve  of  ampere  hours  at  the  lamps  for  a  fixed  voltage  is 
drawn  with  wind  velocity  as  abscissa. 

With  this  curve  and  the  wind  record,  the  ampere  hours  per  day,  at  the 
lamp,  are  taken  out  and  plotted  as  ordinates  with  time  as  abscissa.  With 
low  winds,  the  curve  approaches  a  horizontal  direction  indicating  a  mini- 
mum supply.  Tangents  arc  drawn  at  these  points  and  extended  to  the 
left  at  angles  corresponding  to  different  lamp  hours  per  day.  The  great- 
est ordinate  upward  from  a  tangent  to  the  curve  will  give  the  storage 
capacity  required  to  meet  the  assumed  daily  consumption. 


Energy  reckivkd  from  the  sun.      By  Prof.  L.  G.  Carpenter,  Fort 
Collins,  Colo. 

It  is  well  known  that  the  sunshine  on  our  Western  plains  Is  much 
greater  in  amount  than  that  received  by  the  East.  For  nearly  ten  years 
the  author  has  maintained  observations  on  the  intensity  of  the  ener^ry  re- 
ceived from  the  sun  (using  the  Arago-Dnvy  conjugate  thermometers)  and 
also  observations  on  the  amount  of  sunshine.  The  observations  show  an 
intensity  of  from  seven  to  seventeen  calories  per  square  meter  from  8  a.  m. 
to  6  p.  M.  on  sunny  days,  or  from  one-half  to  one  and  four-tenths  horse 
power  per  square  yard.  It  seems  as  reliable  as  the  wind  which  is  exten- 
sively nsed  as  a  source  of  power  for  small  plants. 


EoLOTROPY  IN  STEEL.    By  Prof.  Thomas  Gray,  Terre  Haute,  Ind. 

This  note  referred  to  a  peculiarltv  in  the  elastic  properties  of  a  speci- 
men of  flat  bar  steel  which  was  exhibited  at  the  meeting.  The  bar  was 
0.41  inches  wide  by  0.063  inches  thick.    It  had  been  heated  in  the  smithy 
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fire  and  allowed  to  cool  slowly  in  the  air.  When  the  bar  was  held  like  a 
flat  spring  and  bent  first  in  one  direction  and  then  in  the  reverse  direction, 
the  elastic  limit  was  fonnd  to  be  fully  three  times  as  high  for  bending  In 
one  direction  than  for  bending  in  the  other.  The  valaes  of  the  bending 
moment  at  the  yield  point  were  fonnd  to  be  8.9  and  80.8  inch  pounds  re- 
spectively. 

It  seems  thut  the  heating  in  contact  with  the  hot  coal  In  the  smithy  fire 
had  produced  properties  on  one  side  of  the  bar  approximating  to  those 
possessed  by  cast  Iron,  namely,  greater  elastic  strength  against  compres- 
sion than  against  extension. 


Comparison  of  thk  rheostat  and  the  series  parallel  controller 
FOR  street  electric  car  SERVICE.  By  Prof.  Thomas  Gray,  Terre 
Haute,  Ind. 

In  the  spring  of  1896  a  numl)er  of  experiments  were  made  at  Louisville, 
Ky.,  by  members  of  the  senior  class  of  the  Rose  Polytechnic  Institute 
on  the  relative  efficiency  of  the  above  two  methods  of  controlling  the 
current  flowing  through  the  motors  of  an  electric  cur.  In  the  rheostat 
method  the  motors  were  lu  parallel  and  the  total  current  passed  through 
a  rheostat  having  u  maximum  resistance  of  4.2  ohms.  In  the  series  par- 
allel method  the  rheostat  was  first  used  with  the  motors  in  series  aud 
after  the  resistance  had  been  cut  out  the  next  step  of  the  controUei*  lever 
threw  the  motors  In  parallel  and  at  the  same  time  put  each  in  series  with 
half  the  rheostat.  After  this  the  resistance  was  cut  out  and  the  two 
motors  left  In  parallel.  The  fln.il  conditions  were  then  the  same  In  both 
cases.  The  tests  Included  the  measurement  by  means  of  an  Integrating 
watt  meter  of  the  watt  hours,  required  to  make  a  round  trip  of  6.5  miles 
the  car  being  stopped  forty  times  during  the  trip  An  autographic  record 
was  taken  of  the  variation  of  activity  during  the  start.  The  rheostat 
method  gives  maximum  activity  at  the  initial  contact  after  which  there 
is  gradual  diminution  as  the  car  attains  speed  combined  with  sudden 
increases  as  the  successive  coils  of  the  rheostat  are  cut  out.  The  series 
parallel  method  gives  the  maximum  activity  when  the  motors  are  first 
put  in  parallel  and  thus  after  the  car  has  attained  a  speed  of  four  or  five 
miles  per  hour.  The  consequence  is  that  more  of  the  activity  is  used  for 
propelling  the  car  and  less  In  overcoming  resistance.  There  resulted  a 
comparative  economy  of  from  10  to  16  per  cent  under  the  conditions  of 
the  test.  The  ratio  of  the  works  done  in  starling  the  car  in  the  two 
cases  as  indicated  by  the  autographic  record  was  approximately  four- 
fifths.  The  total  weight  of  the  car  used  was  about  16,800  pounds,  the 
watt  hour  per  car  mile  averaged  about  900  aud  the  maximum  speed  be- 
tween stops  about  12  miles  per  hour. 

These  curves  giving  the  data  complete  are  being  published  by  the  Rail- 
road Gazette. 
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The  theory  op  half-tone  pkintinq.    By  Romyn  Hitchcock,  New  York, 
N.  Y. 

The  printing  press  has  developed  along  the  lines  of  practical  experi- 
ence into  a  machine  of  wonderful  excellence,  especially  as  to  rleldlty  and 
strength  It  is  a  cardinal  principle  with  printers  that  a  heavy  pressure  is 
necessary  to  give  clear  and  black  Impressions  on  paper  and  for  this  par- 
pose  the  press  must  be  tremendously  strong;  also  that  in  the  printing  of 
engravings,  half-tones,  etc.,  the  pressure  must  be  so  distributed  by  means 
of  the  so-called  make-ready  process  that  the  black  parts  are  printed  with 
a  crushing  force  while  the  lighter  parts  are  but  gently  touched. 

The  speaker  declared  that  all  this  was  wrong.  He  contended  that  the 
effect  of  make-rcjidy  was  really  to  produce  contact  between  the  opposing 
surfaces  In  the  press  and  that  the  heavy  pressure  applied  is  unnecessary, 
if  perfect  contact  can  be  secured  wltliout  it.  He  showed  that,  by  the  use 
of  a  process  invented  by  Mr.  M.  L.  Severy  of  Boston,  the  paper  was  made 
to  conform  to  the  printing  surface  with  very  light  pressure  and  that  all 
the  effects  of  printing  could  be  obtained  with  the  Severy  fabric  without 
the  excessive  force  usually  considered  necessary. 

The  principle  of  this  new  process  is  uniform  distribution  of  pressure 
—  equal  pressure  per  unit  of  printing  area.  Specimen  prints  of  half-tones 
were  shown  in  support  of  the  contentions  of  the  paper,  printed  without 
any  make-ready.  The  new  theory  of  printing  is  thus  compared  with  the 
views  generally  held  by  practical  printers. 

The  old  theory  requires  ♦•unequal  distribuiion  of  pressure;**  the  other, 
uniformity.  One  demands  heavy  pressure  for  blacks;  the  other  light 
pressure  throughout.  One  makes  contact  between  two  hard,  rigid  oppos- 
ing surfaces ;  the  other  substitutes  for  one  of  these  a  flexible,  yielding 
bucking,  by  which  the  paper  Is  made  to  conform  to  the  Inequalities  of  the 
printing  surface.  It  has  been  shown  that  the  object  of  make-ready  is  not 
to  adjust  pressure,  as  usually  supposed,  but  to  insure  perfect  contact  and 
conformity  between  surfaces.  It  is  important  to  recognize  this  fact. 
Once  understood,  the  truth  becomes  evident,  that  the  maximum  pressure 
required  in  priming  is  only  sufficient  to  cause  a  transfer  of  Ink  to  paper. 
Hitherto  great  power  has  been  required  to  bring  these  surfaces  together 
and  it  has  been  erroneously  supposed  that  this  was  necessary  to  cause  the 
transfer  of  ink. 


The  development  of  the  topographic  work  of  tiik  United  States 
Geological  Survey  and  its  application  to  the  solution  of  eco- 
nomic    AND    engineering    PROBLEMS.       By    ClIARLES    D.     WaLOOTT, 

Washington,  D.  C. 


On  the  efficiency  of  refkigerating  plants.    By  Prof.  Storm  Boll, 
University  of  Wisconsin,  Madison,  Wis. 
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On  the  measurement  of  tkain  resistance  by  dynamometer.  By  Prof. 
F.  C.  Wagner,  Tenre  Haute,  Ind. 


[This  paper  was  published  In  the  Railroad  Gazette.] 


On  the  use  of  flat  INUM   resistance  as   a  pyrometer  in  BOILER  TESTS. 

By  Prof.  F.  C.  Wagner,  Terre  Haute,  Ind. 


Notes  on  some  mechanical  units.    By  Wm.  Kent,  New  York,  N.  Y. 


In  lieu  of  Vice-President's  address,  Professor  R.  H.  Richards  of  the 
Mass.  Institute  of  Technology,  Boston,  presented  a  paper  on  Recent  In- 
vestigations upon  The  Mechanical  Preparation  of  Ores, — illustrated  with 
latitern  slides. 
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VICR  PKKSIDENT,    AND   CHAIRMAN   OF  8KCTION   R. 


GLACIAL  GEOLOGY  IN  AMERICA. 


INTRODUCTION. 


Thk  life  of  this  Association,  with  that  of  its  predecessor,  covers 
precisely  the  period  since  the  glacial  theory  was  introduced  to 
American  geologists.  It  seems  highly  appropriate,  upon  the  occa- 
sion of  this  jubilee  meeting  of  the  Society,  to  review  briefly  the 
history  and  growth  of  glacial  geology  in  America  and  to  give 
credit  to  the  men  who  were  pioneers  or  who  have  been  most  influ- 
ential in  the  development  of  this  young  and  vigorous  branch  of 
earth-study. 

In  the  limits  of  this  paper  it  is  impossible  to  call  the  roll  of  all 
the  investigators  in  American  glaciology,  and  apology  is  here  offered 
for  many  omissions  and  possible  errors.^ 

THE    GLACIAL   THEORT. 

AriTwuncement, — The  "drift"  of  the  northern  United  States 
and  Canada  was  not  neglected  by  the  self-taught  geologists  of 
the  early  part  of  this  century.  Frequent  references  occur  in  the 
writings  of  those  years  to  the  striae  and  polished  rocks,  the  stony 

I  The  writer  hopes  to  insert  in  the  record  of  Section  E  for  the  next  meeting  (1899) 
a  notice  of  any  important  additions  or  corrections  which  are  brought  to  his  attention . 
A.  A.  A.  8.  VOL.  XLVn  17  (267) 
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clay,  the  deposits  of  sand  and  gravel  and  particularly  to  the  con- 
spicuous erratics  and  perched  boulders.  These  phenomena  were 
commonly  attributed  to  the  agency  of  violent  floods,  and  were 
called  "  diluvial."  They  were,  however,  so  unlike  any  products 
of  observable  aqueous  action  that  the  conditions  of  their  forma- 
tion were  a  subject  of  imagination  rather  than  of  scientific  inquiry. 
But  this  conception  of  water  as  the  chief  or  only  agent  concerned 
in  the  production  of  the  drift  and  striae  gained  such  general  assent 
and  so  bound  the  minds  of  the  older  American  geologists  that  the 
glacial  theory  was  not  given  at  first  even  a  respectful  hearing,  and 
it  was  not  accepted  until  long  after  a  majority  of  foreign  geolo- 
gists had  adopted  it  for  western  Europe  and  the  British  Islands, — 
not,  indeed,  until  a  new  generation  of  workers  had  possession  of 
the  field.  The  story  of  the  introduction,  discussion  and  final  ac- 
ceptance of  the  glacial  theory  in  America  is  an  entei'taining  and 
instructive  chapter  in  the  history  of  science. 

The  reports  of  tiie  early  state  Geological  Surveys,  the  transac- 
tions of  learned  societies  and  the  volumes  of  Silliman*s  Journal 
down  to  about  1850  contain  frequent  references  to  "  diluvial  drift," 
*'  diluvial  scratches,"  "  tremendous  currents  of  water"  and  terms 
of  similar  import.  The  first  suggestion  of  ice  as  a  contributory 
agent  in  the  genesis  of  the  drift,  in  the  form  of  icebergs  or  ice- 
floes, was  made  by  Peter  Dobson  of  Connecticut,  in  a  letter  to 
Silliman,!  dated  November  21,  1825.  Murchison  gives  to  this 
letter  of  Dobson  the  credit  of  suggesting  to  him  the  iceberg 
hypothesis,  while  Edward  Hitchcock  obtained  his  similar  idea  from 
Sir  James  Hall  of  Scotland. 

So  far  as  the  writer  has  discovered  in  print  no  American  geolo- 
gist suggested  land  or  glacier  ice  as  a  possible  cause  of  the  drift 
phenomena  until  1837,  when  T.  A.  Conrad  asserted  his  belief  in 
such  agency  in  the  following  words : 

*•  Whence  then  this  immense  body  of  ice  which  has  scattered  boulders 
over  so  vast  a  tract  of  country,  appearing  too  at  an  epoch  subsequent  to 
the  extinction  of  the  Mastodon  and  other  mammalia,  which  evidently 
lived  In  this  region  and  enjoyed  equatorial  climate  anterior  to  the  icy 

*  It  Ib  not  desirable  to  encumber  thcBC  pageg  with  a  great  number  of  bibliographic 
reference!*.  These  c-an  be  found  in  chronologic  order  under  authors*  names  in  United 
States  Geological  Survey  Bulletin  No.  127—"  Catalogue  and  Index  of  Contributions 
to  North  AmerioAn  Geology,  1733-1891,"  by  N.  H.  Darton.  (See  ••Glaclology,  *•  page 
417  and  "Pleistocene,"  pnge  756.)  Bulletins Nos.  130  and  135  contJiin  the  bibliography 
from  1891  to  the  close  of  1896. 
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period?  Nothing  can  reconcile  this  apparent  contradiction  but  the  ad- 
mission of  a  fall  of  temperature  far  below  that  which  prevails  in  our 
day,  freezing  the  enormous  lakes  of  that  period  and  converting  them 
into  immense  glaciers,  which  prolmbly  continued  undiminished  during  a 
long  series  of  years.** 

We  cannot,  however,  regard  Conrad*s  suggestion  a8  a  fair  pres- 
entation of  the  glacial  theory.  It  was  made  only  incidentally,  as 
an  argument  for  bis  hypothesis  of  epochs  of  cold  climate,  and 
without  any  attempt  to  give  a  full  statement  or  to  marshal  the 
facts  as  bearing  upon  the  genesis  of  the  drift.  It  is  significant, 
however,  as  indicating,  by  the  casual  way  in  which  he  introduces 
the  argument,  that  the  conception  of  great  bodies  of  land  ice 
might  not  have  been,  even  at  that  time,  an  entirely  new  idea  to 
American  geologists.  The  work  which  then  had  been  prosecuted 
for  some  years  upon  the  alpine  glaciers  was  probably  not  entirely 
unnoticed  by  Americans. 

The  American  geologist  who  first  gave  a  favorable  reception  to 
the  glacial  theory  of  Agassiz,  as  far  a^)  printed  records  show,  was 
Edward  Hitchcock.  In  his  address  as  retiring  President  at  the 
second  annual  ilieeting  of  the  Association  of  American  Geologists 
and  Naturalists,  held  at  Philadelphia,  April,  1841,  he  described 
the  characters  of  the  drift  and  the  various  phenomena  which  we 
now  call  glacial  with  great  accuracy  and  appreciation.  After  dis- 
cussing several  hypotheses  of  the  drift  he  writes  as  follows : 

**  But  the  recent  work  of  Agassiz,  entitled  *  Etudes  sur  les  Glaciers/ 

gives  a  new  aspect  to  the  subject Henceforth,  however, 

glacial  action  must  form  an  important  chapter  in  geology.  While  read- 
ing this  work  and  the  abstracts  of  some  papers  by  Agasslz,  Buckland  and 
Lyell,  on  the  evidence  of  ancient  glaciers  in  Scotland  and  England,  1 
seemed  to  be  acquiring  a  new  geological  sense ;  and  I  now  look  upon  our 
smoothed  and  striated  rocks,  our  accumulations  of  gravel,  and  the  tqut, 
ensemble  of  diluvial  phenomena  with  new  eyes.** 

•* I  do  not  mention  these  difficulties  (to  which  I  might 

add  more)  as  any  strong  evidence  against  this  theory.  For  so  remark- 
ably does  it  solve  most  of  the  phenomena  of  diluvial  action,  that  I 
am  constrained  to  believe  its  fundamental  principles  to  be  founded,  in 
truth.** 

In  the  application  of  the  hypothesis  to  American  drift  he  stated 
his  chief  diflSculties  to  be :  (1)  the  general  soutiierly  direction  of 
the  striae  and  drift  transportation  over  New  England  and  New 
York, ^instead  of  radiating  from  the  highlands  as  in  the  Alps; 
(2)  the  lifting  of  the  erratics  from  lower  to  higher  levels,  although 
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for  this  work  he  regarded  ice  as  more  efficient  than  water ;  and 
(3),  the  localized  drift  masses  which  we  now  call  *^  drumlins." 
At  that  time,  with  only  Alpine  glacier  phenomena  as  the  founda- 
tion of  the  theory,  these  were  valid  and  forcible  objections.  In- 
deed his  presentation  of  the  argument  for  and  against  glacial 
agency  showed  excellent  appreciation  and  grasp  of  the  subject, 
and  to-day  can  be  read  with  profit.  This  is  also  true  of  his 
**  Postscript,"  discussing  the  glacier  hypothesis  and  moraines  in 
the  introduction  to  his  Geology  of  Massachusetts,  1841. 

In  these  writings  Professor  Hitchcock  seemed  to  declare  his 
adherence  to  the  glacial  hypothesis,  as  applied  to  America,  with  as 
little  hesitation  and  qualification  as  would  be  expected  of  a  care- 
ful man  of  science  in  espousing  a  new  theory  that  antagonized  the 
prevailing  belief  and  prejudice  of  his  fellow  workers.  It  is  evi- 
dent from  subsequent  records  that  his  utterances  were  accepted  at 
the  time  a?  committing  him  to  the  acceptance  of  the  theory  of 
Agassiz.  But,  unfortunately  for  truth  and  for  American  geology, 
the  circumstances  and  scientific  forces  of  that  time  did  not  allow 
him  to  stand  upon  the  advanced  ground  he  had  taken.  He  was 
criticised  by  Murchison,  to  whom  he  was  attached,  and  evidently 
found  no  support  among  his  confreres  at  home.  Instead  of  fol- 
lowing Buckland  in  support  of  the  glacial  theory  he  went  over  to 
the  side  of  Murchison  and  Lyell,  and  the  next  year  at  the  Boston 
meeting  his  elaborate  paper  on -the  drift  favored  the  iceberg  hy- 
pothesis.    In  1843  he  is  quoted  in  the  following  words : 

*•  Professor  Hitchcock  remarked  that  so  disastrous  had  been  his  expe- 
rience in  respect  to  the  glacial  theory  of  Agassiz  that  he  was  almost 

afraid  to  say  anything  more  on  the  subject He  had  been 

supposed  to  be  an  advocate  for  the  unmodified  glacial  theory.  But  if  he 
could  trust  his  own  consciousness  he  had  never  been  a  believer  in  it. 
By  this  term  (glacio-aqueous)  he  meant  to  say  that  the  phe- 
nomena of  drift  were  the  result  of  joint  action  of  Ice  and  water,  with- 
out saying  which  of  these  agents  had  exerted  the  greatest  influence.  But 
whether  that  glacio-aqueous  action  had  been  the  result  of  the  enormous 
accumulation  of  glaciers,  according  to  Agassiz,  or  from  floating  icebergs 

according  to  Lyell  and  Murchison,  or  of  the  upheaval  of 

the  Arctic  ocean  whereby  its  aqueo-glacial  contents  were  precipitated 
southward  according  to  l)e  la  Beche,  he  had  not  then  made  up  his  mind 
nor  has  he  yet  made  It  up." 

Professor  Hitclicock's  attempt  to  find  some  compromise  between 
the  glacial  and  iceberg  theories  of  the  drift  was  a  failure.  He 
came  very  near  to  being  a  glacialist.     If  he  had  followed  his  own 
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perception  of  the  truth  he  would  have  been  the  leader  in  a  great 
forward  movement  in  geological  science,  which,  by  his  defection 
at  the  critical  moment,  was  suppressed  for  twenty  years. 

Discussion,  —  The  printed  accounts  of  the  annual  meetings  of 
the  Association  of  American  Geologists  and  Naturalists  give  evi- 
dence of  a  lively  interest  in  the  subject  of  the  drift,  but  there 
seems  to  have  been  no  champion  of  the  discredited  glacial  hypoth- 
esis ;  or  if  so  he  was  not  thought  worthy  of  record.  There  was 
much  difference  of  opinion  as  to  the  agencies  of  the  drift  but  all 
were  hostile  to  the  new  theory.  The  brothers  Rogers,  with  Km- 
mons,  Jackson,  Nicollet,  Redfield,  Couthuoy  and  others,  lost  no 
opportunity  of  upholding  some  form  of  the  diluvial  hypothesis  and 
for  ten  years  no  American  geologist  ventured  openly  to  adopt 
and  proclaim  the  theory  of  Agassiz.  Doubtless  there  were  various 
reasons  for  this  unreceptive  attitude,  some  of  which  we  can  dis- 
cover. Lyell  came  to  America  in  1841,  and  in  1842  he  attended 
the  third  meeting  of  the  Geologists,  held  at  Boston,  and  brought 
the  reinforcement  of  his  great  reputation  to  those  who  favored  the 
hypothesis  of  submergence  and  icebergs,  of  which  he  and  Murchi- 
son  were  the  great  apostles.  The  supporters  of  this  theory  prob- 
ably did  not  clearly  understand  the  genesis  of  icebergs  and  did 
not  realize  that  their  hypothesis  simply  pushed  the  glacier  area 
some  distance  northward.  The  scientific  objections  to  the  glacial 
origin  of  the  drift  were  to  them  conclusive.  They  were  unable  to 
apply  to  the  broad  plateaus  of  northeastern  America  the  work  of 
local  or  alpine  glaciers.  How  could  ice  flow  up  hill?  The  glaciers 
of  the  Alps  all  moved  down  the  slopes.  How  could  an  ice  mass 
move  over  even  comparatively  level  tracts  ?  Indeed,  Dana  did  not 
answer  this  diflSculty  until  the  1879  edition  of  his  Manual.  The 
prevailing  southerly  direction  of  the  drift  movement,  with  only 
minor  deflections  by  mountain  masses  or  great  valleys,  did  not  har- 
monize with  conceptions  derived  from  written  descriptions  of  the 
glaciers  of  the  Alps,  and  they  were  not  prepared  to  grasp  Agas- 
siz's  idea  of  a  great  circumpolar  ice  slieet.  The  very  large  pro- 
portion of  water- worn  or  water-laid  materials  in  the  drift  certainly 
favored  aqueous  agency. 

But  there  were  other  antagonistic  forces  which  were  not  of  a 
scientific  character.  Agassiz  was  a  comparatively  young  man  and 
quite  unknown  in  geology  except  for  his  studies  of  glaciers.  How 
could  his  opinion  weigh  against  those  of  the  giants  in  geology? 
Another  power,  which  will  scarcely  appear  in  the  scientific  writings 
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of  the  time,  but  which  was  a  great  conservative  force,  was  theo- 
logical opinion.  All  hypotheses  invoking  water  as  the  drift  agency 
might  be  harmonized  with  belief  in  the  Noachian  deluge,  but  the 
Bible  gave  no  countenance  to  an  ice  deluge.  The  '"  diluvium" 
was  an  ever  present  evidence  of  tiie  truth  of  the  deluge.  To  ex- 
plain it  away  was  little  better  than  heresy.  In  these  days  of  lib- 
erty of  thought  it  is  not  possible  for  us  to  realize  the  repressive 
power  of  religious  opinion  in  Puritan  New  England.  Further- 
more the  diluvial  hypotheses  were  unduly  deductive,  and  like  all 
opinions  not  based  on  observational  or  inductive  evidence  did  not 
readily  yield  to  the  arguments  derived  from  facts.  The  older 
geologists  had  made  up  their  minds  and  that  settled  it.  They 
were  also  mostly  committed  in  print  to  some  form  of  the  diluvial 
idea.  Those  early  classics  in  American  geology,  the  state  reports 
of  New  York,  Massachusetts  and  New  Hampshire,  appeared  dur- 
ing the  years  1841-1844,  and  by  generally  referring  the  drift  to 
aqueous  origin  helped  to  fix  opinion  along  diluvial  lines.  Before 
leaving  this  subject  it  will  be  well  to  state  briefly  the  nature  of 
some  of  the  theories  of  the  drift. 

Edward  Hitchcock  had  written  the  Geology  of  Massachusetts  be- 
fore he  became  fully  acquainted  with  the  theory  of  Agassiz.  He 
presents  the  several  hypotheses  for  the  drift,  but  rules  out  glaciers, 
retains  the  term  "diluvium,"  and  favors  the  idea  of  waves  of  trans- 
lation from  the  arctic  region.  He  displays,  however,  the  open- 
ness of  mind  and  keen  perception  which  led  him  virtually  to  adopt 
the  glacial  theory  upon  its  first  fair  presentation,  by  distinctly  say- 
ing that  no  theory  proposed  at  that  time  was  satisfactory  to  him. 
His  "Postscript,"  describing  glacial  phenomena,  at  the  beginning 
of  the  volume  was  an  after- thought,  dated  1841. 

Lardner  Vanuxem  in  his  Geology  of  the  Third  New  York  Dis- 
trict, 1842,  referred  briefly  to  the  drift,  compared  the  iceberg  and 
glacial  theories  and  gave  preference  to  the  latter  in  some  modified 
form,  suggesting  the  term  "  local  ice  "  for  *'  glaciers." 

In  the  same  year  Ebenezer  Emmons  published  the  Geology  of 
the  Second  New  York  District.  He  regarded  the  iceberg  theory 
as  fully  established.  The  rock  scorings  and  finer  drift  he  thought 
were  produced  by  broad  shallow  currents  or  rivers,  at  an  earlier 
epoch,  while  during  a  later  marine  submergence  the  floating  ice 
had  transported  the  erratics  and  coarser  drift.  Glaciers  were  en- 
tirely ruled  out. 

W.  W.  Mather  in  the  Geology  of  the  First  New  York  District, 
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1843,  gave  an  exhaustive  account  of  the  drift.  Regarding  the 
glacial  theory  he  had  the  objections  noted  by  Hitchcock.  He  favored 
currents  of  water  and  floating  ice,  and  thought  that  the  greater 
currents  were  due  to  a  relatively  sudden  collapse  of  the  earth's 
crust,  producing  accelerated  velocity  of  rotation,  and  hence  quick- 
ened oceanic  currents. 

In  the  Geology  of  the  Fourth  New  York  District,  1843,  James 
Hall  held  views  similar  to  Emmons.  He  had  not  seen  tl)e  writings 
of  Agassiz,  and  probably  very  few  American  geologists  had  at  that 
time,  but  he  could  not  admit  glacial  agency  as  there  was  no  suflS- 
ciently  elevated  land- mass  upon  the  north. 

C.  T.  Jackson,  in  his  Geology  of  New  Hampshire,  1844,  quoted 
M.  de  Luc  against  the  glacial  theory,  even  as  applied  to  Europe, 
and  regarded  its  application  to  America  as  absurd.  He  attributed 
the  drift  to  Arctic  waters  and  ice,  they  "  having  been  hurled  with 
great  violence  over  the  surface  of  the  northern  hemisphere." 

In  a  review  of  Dr.  Jackson's  report,  T.  T.  Bouv6  wrote  as  fol- 
lows : 

**Iii  view  of  all  that  is  known  of  the  movement  of  diluvium  in  this 
country  we  cannot  but  regard  the  glacial  theory  as  wholly  inedequate  to 
produce  the  results  met  with»  and  we  think  with  Dr.  Jackson  that  the 
grooves  on  the  rocks,  if  produced  by  glaciers,  should  radiate  from  our 
principal  mountain  ranges  and  should  be  more  abundant  in  their  Immedi- 
ate vicinity,  while  they  should  be  wanting  in  the  level  country  and  over 
our  extended  tablelands !" 

The  most  ardent  and  extreme  champion  of  De  la  Beche's  hypoth- 
esis of  catastrophic  waves  or  debacles  of  water  was  Prof.  H.  D. 
Rogera.  The  following  quotation  from  his  Presidential  address 
before  the  fifth  meeting  of  the  Association  of  American  Geologists, 
held  at  Washington,  May,  1844,  will  give  a  sufl3cient  idea  of  this  * 
hypothesis.  After  discussing  the  drift  at  great  length  and  review- 
ing all  the  explanation  that  had  been  proposed,  he  gives  the  fol- 
lowing as  his  own  views : 

'*  If  we  will  conceive,  then,  a  wide  expanse  of  waters,  less  perhaps  than 
one  thousand  feet  in  depth,  dislodged  from  high  northern  or  circumpolar 
basin,  by  a  general  lifting  of  that  region  of  perhaps  a  hundred  feet,  and 
an  equal  subsidence  of  the  country  south,  and  imagine  this  whole  mass 
converted  by  earthquake  pulsations  of  the  breadth  which  such  undulations 
have,  into  a  series  of  stupendous  and  rapid-moving  waves  of  translation, 
helped  on  by  the  still  more  rapid  flexures  of  the  flpor  over  which  they 
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move,  and  then  advert  to  the  shattering  power  of  the  tremendous  jar  of 
the  earthquake,  we  shall  have  an  agent  adequate  in  every  way  to  produce 
the  results  we  see,  to  float  the  northern  ice  from  Its  moorings,  to  rip  off, 
assisted  with  its  aid,  the  outcrops  of  the  hardest  strata,  to  grind  up  and 
strew  wide  their  fragments,  to  scour  down  the  whole  rocky  floor,  and, 
gathering  energy  with  resistance, to  sweep  up  the  slopes  and  over  the  high- 
est mountains.'* 

To  us  at  the  present  time  it  would  seem  as  if  the  mere  statement 
of  this  hypothesis  should  have  been  sufficient  for  its  own  refuta- 
tion. Certainly  it  was  so  far-fetched,  calling  in  an  agency  entirely 
outside  the  range  of  human  observation,  and  knowledge,  and  at  the 
same  time  denying  the  competency  of  an  observable  agency  which 
was  at  that  time  reproducing  some  of  the  most  important  drift  phe- 
nomena, that  it  seems  unscientific  totlie  last  degree.  Yet,  in  1849, 
three  years  after  Agassiz  had  come  to  America  and  long  after  the 
detailed  arguments  for  glacial  agency  had  been  fully  and  clearly 
set  before  American  readers.  Professor  Rogers  wrote : 

**  V.  The  Diluvial  Hypothesis,  as  modified  by  myself,  a}<sumes,  not  the 
submersion  of  the  land  but  a  series  of  violent  elevatory  eartliquake  move- 
ments, in  the  arctic  regions,  displacing  the  arctic  wati*rs,  with  the  Ice 
which  bound  them,  and  sending  tliese  southward,  across  the  northern  dis- 
tricts of  the  continents." 

As  early  as  1842  the  facts  concerning  the  geologic  work  of  the 
Alpine  glaciers  and  the  arguments  for  the  glacial  theory  had 
been  placed  before  American  readers  by  the  republication  in  Silli- 
man's  Journal  of  an  excellent  article  by  Charles  Maclaren.  And 
in  the  next  year  an  elaborate  review  in  the  same  Journal,  of  James 
Forbes'  noble  book  on  glaciers  left  American  geologists  with  no 
excuse  for  lack  of  general  knowledge  of  the  glacial  theory  and  its 
reasonable  claims. 

Late  in  1846  Louis  Agassiz  arrived  in  America.  In  1847  he  ex- 
plored the  White  Mountains  and  found  evidence  of  local  glaciers. 
In  1848  he  visited  the  great  lakes  and  found  abundant  evidence  of 
continental  glaciation.  In  September  of  that  year  he  attended  the 
first  meeting  of  this  Society,  at  Philadelphia,  and  described  the 
glacial  phenomena  about  Lake  Superior,  showing  the  identity  of 
the  phenomena  in  America  with  those  in  Europe.  To  his  personal 
testimony  was  added  that  of  Arnold  Guyot  and  Edmund  Desor, 
who  had  been  colaborers  with  him  and  had  also  brought  their  am- 
ple experience  to  bear  upon  the  American  field.     The  reception  by 
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the  older  geologists  of  this  personal  and  expert  evidence  was  evi- 
dently not  of  such  a  character  as  to  encourage  Agassiz  in  further 
presentation  of  the  matter.  In  his  book  on  Lake  Superior,  pub- 
lished 1850,  he  wrote  in  a  somewhat  sarcastic  vein  as  follows  : 

•*  But  such  Is  the  prejudice  of  many  geologists  that  those  keen  faculties 
of  distinction  and  generalization,  that  power  of  superior  perception  and 
discrimination,  which  have  led  them  to  make  such  brilliant  discoveries  In 
geology  In  general,  seem  to  abandon  them  at  once  as  soon  as  they  look  at 
the  erratics." 

Agassiz  did  not  present  another  glacial  paper  before  the  Associ- 
ation until  1870,  his  chief  work  in  the  meantime  lying  in  the  domain 
of  zoology.  However,  from  about  1850  the  extreme  diluvial  no- 
tions were  either  abandoned  or  presented  less  aggressively. 

At  the  second  meeting  of  this  Association,  in  Cambridge,  1849, 
there  was  the  usual  animated  discussion  of  the  drift,  following 
papers  by  H.  D.  Rogers  and  Arnold  Guyot.  An  extended  paper 
by  the  latter  described  the  glacial  phenomena  in  the  Alps,  and 
stated  that  those  of  the  White  Mountains  were  similar.  The  dilu- 
vialists  still  opposed  the  glacier  theory,  even  to  the  degree  of  ques- 
tioning the  Alpine  observations  of  Guyot  and  Agassiz.  James  Hall 
evidently  voiced  the  sentiments  of  the  younger  men  when  he  said, 
as  reported  in  the  discussion  : 

**  In  this  country  there  had  been  a  tendency  to  oppose  the  glacial  theory 
because  It  had  been  applied  for  the  explanation  of  diluvial  phenomena. 
We  ought  to  be  ashamed  In  this  country,  he  said,  to  speak  with  confi- 
dence, after  so  little  research,  when  there  had  been  so  much  abroad." 

From  this  time  there  are  fewer  references  to  the  origin  of  the 
drift.  A  new  generation  of  geologists  was  taking  the  place  of 
the  older  men  and  they  were  freer  to  accept  the  new  ideas  while 
not  aggressively  attacking  the  prevailing  ones.  The  writings  of 
the  younger  men  frequently  refer  to  glacial  agency  as  an  admitted 
fact.  Among  the  contributions  to  glacial  geology  in  those  earliest 
years  of  the  science  but  very  few  can  be  noticed.  In  1850  C.  B. 
Adams,  at  the  New  Haven  meeting  of  the  Association,  read  a 
paper  on  changes  of  level  in  North  America,  in  whicli,  adopting 
the  hypothesis  of  Lyell,  he  suggested  the  elevation  of  northern 
land  as  sufficient  cause  of  the  ice  sheet ;  also  of  submergence  at 
the  close  of  the  glacial  period  to  account  for  the  undisputed  marine 
deposits.     This  hypothesis  was  elaborated  by  Dana  in  his  Presi- 
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dential  address  of  1855,  and  placed  upon  a  working  basis  by  three 
time  divisions  :  (1)  Glacial  epoch,  with  northern  elevation  of  land  ; 
(2)  Laure II tian  epoch,  of  depression ;  and  (3)  Terrace  epoch,  of 
moderate  reelevation  to  present  altitude.  From  this  time  Dana 
was  the  leader  of  the  glacial  forces  and  the  chief  exponent  of  the 
theory. 

lu  1857  Edward  Hitchcock  published  in  the  Smithsonian  Con- 
tributiou^  his  extended  and  valuable  paper  on  Surface  Geology, 
treating  chiefly  of  the  Connecticut  valley.  He  distinguished  local 
glacial  striate  from  the  general  drift  striae,  uud  recognized  moraines 
and  other  effects  of  local  glaciers.  In  1859  C.  H.  Hitchcock  made 
the  same  discrimination  for  New  England  in  general.  The  Geology 
of  Vermont,  published  in  1861,  while  describing  phefaomena  of 
local  glaciers,  attributed  the  common  drift  to  icebergs.  In  1863 
the  report  of  progress  of  the  Geological  Survey  of  Canada  fi-om 
its  beginning  to  that  date,  contained  a  chapter  on  surface  geology, 
written  by  Robert  Bell,  which  attributed  the  drift  phenomena  to 
ice  and  fully  accepted  the  glacial  theory,  even  recognizing  moraines 
in  the  Ottawa  valley. 

Acceptance. — It  will  be  seen  that  the  acceptance,  in  America,  of 
the  glacial  theory  was  by  slow  degrees.  It  involved  the  displace- 
ment of  preconceived  deductive  hypotheses,  and  was  opposed  b}* 
the  modified  and  not  unreasonable  theory  of  submergence  and  float- 
ing ice,  held  by  Murchison  and  Lyell,  which  still  has  some  qualified 
support.  During  the  decade  from  1850  to  1860  there  was  com- 
paratively less  discussion  of  the  drift  problem.  Geologists  were 
readjusting  their  ideas  and  taking  new  bearings.  Then  followed 
the  years  of  the  war  of  tlie  Rebellion,  when  the  thought  of  Ameri- 
cans was  turned  away  from  abstract  science  and  even  the  meetings 
of  this  Society  were  suspended.  However,  in  1862,  the  glacial 
theory  received  two  notable  reinforcements.  One  was,  in  England, 
its  public  at  lop tion  by  Ramsay  and  his  abandonment  of  the  iceberg 
theory ;  the  other,  in  America,  the  publication  of  the  first  edition 
of  Dana's  Manual  of  Geology.  In  this  epoch-making  book  in 
geological  science  the  whole  problem  of  the  drift  was  clearly  pre- 
sented. The  arguments  for  and  against  both  the  iceberg  and 
glacial  theories  were  stated  with  a  logical  conclusion  in  favor  of 
the  latter,  allowing  the  work  of  icebergs  along  the  continental  bor- 
ders and  across  deep  channels.  An  unbiased  reader  could  judge  for 
himself  of  the  meiits  of  the  two  theories  but  could  scarcely  f  aQ  to 
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accept  the  conclusion  of  the  author.  The  glacial  epoch  as  a  divis- 
ion of  Post-Tertiary  time  was  given  its  place  in  the  geological  time 
series ;  and  the  various  elements  of  the  glacial  problem  were  placed 
before  student  and  worker  so  as  to  be  available  as  a  basis  for  in- 
vestigation. The  foundation  was  laid  for  the  construction  of 
glacial  geology,  but  the  time  was  not  propitious  for  its  comple- 
tion. 

Following  the  close  of  the  war,  interest  was  renewed  in  glaciol- 
ogy,  and  two  papers  by  Charles  Whittlesey,  in  1866  and  1867, 
are  worthy  of  note.  In  the  latter  year  a  masterly  paper  by  Ed- 
ward Hungerford,  before  this  Association,  discussed  the  physical 
conditions  and  climate  of  the  glacial  period.  He  did  not  agree 
with  Agassiz's  extreme  views  of  great  southern  extension  of  a 
polar  ice-cap ;  and  his  moderate  conclusions  are,  in  general,  ac- 
cepted to  day. 

At  this  opportune  time,  1867,  when  the  greatly  stimulated 
thought  of  the  people  was  turned  into  peaceful  ways,  the  revised 
edition  of  Dana's  Manual  carried  the  glacial  theory  into  every  col- 
lege of  t^e  land  as  the  evolutionary  product  of  the  discussion  upon 
the  drift  during  the  fourth  of  a  century.  However,  the  theory  still 
found  some  opposition,  and  as  late  as  1871  Dana  said  that  Amer- 
ican geologists  were  divided  on  the  iceberg  and  glacial  theories, 
and  he  deemed  it  necessary  to  give  further  proofs  against  the 
former. 

When  shall  we  say  that  glacial  geology  had  its  beginning  in 
America?  The  discussion  of  the  theory  began  in  1841  with  the 
address  of  Edward  Hitchcock.  The  acceptance  of  the  theory  by 
any  number  of  Americans  could  not  have  been  earlier  than  the  per- 
sonal advocacy  by  Agassiz  and  Guyot  m  1848  to  1850.  In  some 
qualified  form  the  theory  was  doubtless  adopted  earlier  by  a  few 
independent  thinkers,  as  Conrad  and  Vanuxem.  The  general  ac- 
ceptance of  the  theory  and  the  making  of  it  a  basis  for  systematic 
work  and  investigation  were  probably  not  before  1867. 

The  periods  in  the  history  of  drift-study  in  America  may  be 
stated  as  follows : 

Undisputed  reign  of  diluvial  hypothesis — to  1841. 

Discussion  of  the  glacial  hypothesis — 1841  to  1848. 

Gradual  adoption  of  the  glacial  theory — 1849  to  1866. 

Development  of  glacial  geology — 1867  to  date. 
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THE  ICE  BODY. 


Centers  of  Dispersion, — The  early  views  of  the  unity  and  sim- 
plicity of  the  ice- cap,  following  Agassiz's  extravagant  hypothesis 
of  hemispheres  of  ice,  did  not  long  endure  the  test  of  advancing 
knowledge.  The  direction  of  striaj  and  the  trend  of  peripheral  mo- 
raines were  soon  recognized  as  indicating  complexity  of  growth 
and  of  movement.  In  1871  Dana  argued  for  multiple  centers  of 
radial  movement,  and  he  referred  the  New  England  glacier  to  a 
source  between  the  St.  Lawrence  and  Hudson  Bay.  In  1879  he 
said  there  had  been  no  ice-cap  enveloping  the  whole  polar  region, 
and  recognized,  also,  that  an  inclination  of  the  land  surface  was 
not  necessary  for  the  movement  of  the  ice- body.  In  1880  W  J 
McGee  expressed  the  view  that  the  polar  regions  were  never  more 
extensively  glaciated  than,  at  the  present  time.  Similar  views  were 
expressed  by  H.  Carvill  Lewis  in  1886,  who  designated  two  centers 
of  ice  accumulation  and  radiation,  on  the  east  and  west  sides  of 
Hudson  Bay,  and  in  1889  by  Robert  Bell,  the  Nestor  of  Canadian 
glacialists. 

Dr.  G.  M.  Dawson  in  1888  recognized  a  separate  confluent  ice 
mass  in  British  Columbia  between  the  Coast  and  Rocky  Mountain 
ranges,  and  in  1890  he  gave  names  to  two  ice  bodies,  Cordilleran 
for  the  one  in  British  Columbia,  and  Laurentian  for  the  eastern  one, 
which  he  regarded  as  surrounding  Hudson  Bay.  In  1895  J.  B. 
Tyrrell  restricted  the  name  Laurentian  (Laurentide)  to  the  mass 
east  of  Hudson  Bay,  and  gave  the  name  Keewatin  to  the  body 
west  of  Hudson  Bay.  These  three  centers  (**  glacial  radiants  "  of 
Claypole)  were  adopted  by  Professor  Chamberlin  in  his  chapter 
on  North  American  glaciology  in  the  latest  edition  of  Geikie's  "The 
Great  Ice  Age."  Dr.  Dawson  thinks  the  Keewatin  and  the  Lau- 
rentian ( Labradorian)  centers  should  be  regarded  as  constituting 
the  *'  Laurentide  group  "  as  distinguished  from  the  far-separated 
Cordilleran  mass. 

Migration  of  Maxima. —  The  fii'st  definite  suggestion  of  lack 
of  contemporaneity  in  the  growth  and  culmination  of  the  glacial 
centers  was  made  by  Robert  Chalmers  in  1890.  From  study  of 
till  sheets,  boulder  trains,  etc.,  in  the  area  of  contention  between 
adjacent  ice  centers  Dr.  Dawson,  in  1895,  thought  there  had  been 
a  migration  of  glaciation  from  the  Cordilleran  to  the  Laurentian 
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plateaus ;  and  in  1896  Mr.  Tyrrell  made  a  further  refinement  by 
claiming  that  the  Keewatin  glacier  center  had  its  maximum  later 
than  the  Cordilleran  and  earlier  than  the  Labradorian ;  and  that  a 
fourth  center  over  Greenland  is  in  existence  to-day.  This  theory 
of  migration  of  maximum  accumulation  receives  encouragement 
from  the  results  of  recent  studies  of  the  Alaskan  and  the  Greenland 
ice  sheets.  While  the  Alaskan  glaciers  are  believed  to  have  been 
waning  in  later  time,  the  Greenland  ice  cap  has  probably  in- 
creased, at  least  on  the  east  coast,  during  several  centuries,  or 
since  the  time  of  the  Norse  colonies. 

Thickness, — In  1883  J.  C.  Smock  published  an  article  on  the 
thickness  of  the  ice  over  New  England  and  the  Middle  States. 
Later  observations  have  shown  that  the  thickness  of  ice  was  suffi- 
cient to  bury  the  highest  mountain  peaks  within  the  ice  field.  Ex- 
plorations of  the  Greenland  ice  cap  have  yielded  data  concern- 
ing the  curving  slope  of  the  margin  of  the  ice  sheet  which  seem 
in  the  hands  of  Chamberlin  and  Upham  to  give  a  reliable  basis 
for  the  comparison  with  ancient  ice  sheets.  Mr.  McGee  estimated 
the  thickness  in  northeastern  Iowa  as  *'  500  feet  a  few  miles  from 
the  margin,  to  an  indefinite  but  not  very  much  greater  thickness 
in  the  interior  of  the  ice  body." 

Direction  of  Flow, —  Previous  to  1879  W  J  McGee  was  ai>le, 
by  the  study  of  topographic  forms  of  the  drift  in  northeastern 
Iowa,  to  determine  the  direction  of  ice  flow  without  evidence  from 
striae.  It  is  now  recognized  that  drumlins  and  eskers  are  more 
trustworthy  criteria  of  general  direction  of  ice  movement  than  the 
glacial  striae,  which  are  more  subject  to  the  effect  of  local  causes. 
Peripheral  moraines  are  demonstration  of  the  direction  of  flow  at 
the  margin  of  the  ice  sheet.  By  these  several  criteria  it  is  now 
demonstrated  that  the  ice  movement  followed  the  trend  of  the  larger 
depressions  and  valleys.  As  early  as  1863  Dana  argued,  from  di- 
rection of  striae,  for  distinct  glacial  flow  in  the  Connecticut  and 
Hudson  valleys.  The  very  decided  localization  of  movement  in 
the  basins  of  the  Laurentian  lakes  was  shown  cartographically  by 
Chamberlin  in  1877. 

Lohing  of  Margin. — This  is  closely  related  to  the  flow  in  the 
longitudinal  valleys,  and  is  produced  by  the  concentration  or  mass- 
ing of  the  marginal  ice  in  such  depressions.  This  was  also 
shown  by  Chamberlin  in  1877  in  his  map  of  terminal  moraines ; 
those  of  the  ice  lobes  filling  the  basins  of  the  great  lakes  having  a 
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conspicuously  looped,  festooned  or  crescentic  character.  Further 
study  has  emphasized  the  lobate  form  of  the  periphery  of  the  ice 
sheet,  at  least  during  the  recessional  phase. 

Driftless  Areas. —  The  surprising  and  apparently  inexplicable 
phenomenon  of  an  area  unaffected  by  ice  action  but  wholly  sur- 
rounded by  glaciated  territory  was  brought  to  notice  by  J.  D. 
Whitney  in  1862.  Much  doubt  was  felt  regarding  the  nature  and 
even  the  existence  of  this  driftless  area  until  the  observations  were 
fully  confirmed  by  the  detailed  descriptions  and  illustrations  in  t!ie 
elaborated  paper  by  Charaberlin  and  Salisbury,  published  in  1886. 
The  explanation  is  supposedly  found  to  lie  in  the  peculiar  relation 
of  ice  movement  through  the  basins,  the  ice  being  diverted  from 
this  area.  Until  recently  this  area  was  thought  to  be  unique  but 
in  1891  Professor  Salisbury  discovered  another  small  driftless  area 
in  western  Illinois. 

Tran^ortation  of  Drift, — The  precise  manner  in  which  the  ice 
carried  its  burden  of  rock  debris  has  been  in  question.  Mr.  Upham 
has  emphasized  the  amount  of  englacial  drift.  He  argues  that  the 
differential  flow  of  the  ice  induces  ascending  currents  which  lift 
the  basal  or  subglacial  drift  into  higher  planes  of  the  ice  body. 
On  the  other  hand  Professor  Chamberlin  claims  that  the  conti- 
nental ice  mass  never  held  any  considerable  burden  of  englacial  drift 
except  near  the  base ;  and  he  finds  support  for  his  position  in  the 
essentially  basal  character  of  the  debris  in  the  Greenland  glaciers. 
The  existence  of  ascending  currents  in  the  ordinary  flow  of  the  ice 
sheet  is  not  admitted  by  most  students  of  glacial  physics.  The 
question  is  of  some  moment  in  relation  to  the  manner  of  accumula- 
tion of  localized  masses  of  debris,  such  as  drumlins,  moraines  and 
eskers. 

As  a  philosophical  discussion  of  the  character  and  work  of  a 
local  ice-body,  the  writings  of  W  J  McGee  upon  the  glacial  phe- 
nomena of  northeastern  Iowa  deserve  special  mention. 

GLACIAL    PKRIOD. 

Cause.  —  The  cause  of  the  glacial  period  remains  quite  liS  much 
a  mystery  as  it  was  in  1840.  A  large  body  of  fact  has  been  col- 
lected but  it  points  in  different  directions.  Every  person  has  en- 
tire liberty  of  opinion  ;  most  glacialists  have  no  opinion  at  all  upon 
this  subject.     Up  to  1875  the  Lyellian  hypothesis  of  land  elevation 
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as  the  cause  of  the  cold  climate  and  snow  accumulation  had  the 
majority  of  adherents.  Jn  America  this  was  proposed  by  C.  B. 
Adams  in  1850,  and  was  adopted  by  Dana  in  his  Presidential 
address  of  1855  and  was  lield  by  him  during  his  life.  It  has  been 
the  consistent  teaching  of  the  Manual  of  Geology.  Of  preglacial 
elevation  of  northern  land  there  is  little  doubt,  but  many  glacial- 
is  ts  find  reasons  for  thinking  that  during  the  latter  part  of  the 
glacial  period  the  land  was  lower  than  at  present,  and  certainly 
was  so  at  the  close. 

CroU's  "  Climate  and  Time"  presented  a  plausible  astronomical 
hypothesis,  the  concurrence  of  variable  elements  in  the  relation  of 
the  earth  to  the  sun  affecting  alternately  the  north  and  south  polar 
regions.  For  a  time  this  won  large  assent ;  but  objections  soon 
multiplied.  The  secular  periods  of  glaciation  apparently  required 
by  this  hypothesis  in  preceding  geologic  time  are  quite  lacking, 
although  glacial  drift  deposits  occur  as  far  back  as  the  Permian. 
The  most  serious  objection  is  the  absence  of  glaciation  over  vast 
areas  of  arctic  lands,  as  Alaska  and  Siberia.  Even  the  physical 
competency  of  the  astronomic  changes  has  been  questioned,  and 
the  hypothesis  has  fallen  into  neglect  as  the  tendency  of  late  is 
to  concentrate  attention  on  phenomena  and  more  immediate  infer- 
ences. 

A  change  in  the  axis  of  the  earth  is  a  suggestion  that  finds  few 
supporters.  An  hypothesis  of  atmospheric  change,  a  variation  in 
the  amount  of  the  carbon-dioxide  content  of  the  atmosphere,  has 
recently  received  the  support  of  Professor  Chamberlin. 

The  opinion  of  the  majority  of  geologists  may  probably  be 
fairly  stated  by  saying  that  the  various  elements  affecting  climate, 
geographic,  atmospheric  and  astronomic,  are  thought  to  be  so 
nicely  balanced  that  a  comparatively  slight  change  or  maladjust- 
ment may  produce  serious  climatic  effects. 

Time  Divisions,  —  Professor  Dana  in  1855  proposed  the  tri- 
partite division  of  the  glacial  period,  correlating  with  land  oscilla- 
tion, into  (1)  the  Glacial  epoch  with  high  elevation  of  land; 
(2)  the  Laurentian  (Champlain),  with  depression  of  the  land; 
and  (3)  a  transition  epoch,  called  the  Terrace  during  which  the 
land  rose  to  its  present  level  and  the  river  terraces  were  cut  by  the 
enlivened  streams.  This  scheme  was  elaborated  in  the  first  edi- 
tion of  his  Manual,  in  1862,  and  adhered  to  with  slight  changes 
in  all  subsequent  editions.     Jn  the  1879  edition  he  gave  the  Ter- 
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race  epoch  a  formal  place,  changing  the  name  in  the  last  edition 
to  "  Recent.  "  The  name  "  Champlain,"  originally  given  to  the 
marine  clays  by  Edward  Hitchcock,  was  substituted  for  "  Lauren- 
tian"  in  the  edition  of  1867. 

While  this  terminology  has  been  generally  used  and  the  time 
divisions  adopted  in  a  general  way,  some  modifications  have  l>een 
thought  desirable.  It  is  believed  by  many  that  the  Champlain  sub- 
sidence was  far  along,  perhaps  at  its  maximum^  before  the  ice 
sheet  retreated.  Indeed,  Mr.  Upham  would  make  the  Champlain 
only  the  closing  part  of  the  Glacial  epoch.  The  "  Recent  "  epoch 
is  now  regarded  as  essentially  a  part  of  the  present  epoch,  and  this 
view  is  strengthened  by  the  demonstration,  by  Mr.  Gilbert,  that 
the  northward  differential  uplift  of  at  least  the  Laurentian  basin 
is  still  in  progress. 

Ltterglacial  EpocJis.  —  Dana  held  firmly  to  the  essential  unity  of 
the  Glacial  epoch,  and  in  this  he  was  largely  followed,  especially 
by  the  men  who  were  trained  upon  the  comparatively  simple,  homo- 
geneous drift  sheet  of  the  Eastern  States.  But  in  the  broad  areas 
of  the  west  the  drift  is  not  so  simple.  Early  in  the  study  of  the 
region  buried  soils,  peat  beds  and  other  evidences  of  deglaciation 
were  found  intercalated  in  the  drift,  and  were  noted  by  Whittlesey, 
Newberry,  Orton,  N.  H.  Winchell  and  others.  In  1873  Newberry 
regarded  the  *'  Forest  Bed  *'  as  marking  a  distinct  deglacial  condi- 
tion in  the  drift  period.  In  1878  McGee  described  vegetal  deposits 
in  the  drift  of  northeastern  Iowa  of  such  depth  and  areal  extent  as 
to  indicate  an  interglacial  epoch,  and  he  discriminated  a  later  from 
an  earlier  till.  Subsequently  Chamberlin  accepted  these  conclu- 
sions, and  in  1882  he  discovered  the  greater  southein  extension 
of  the  older  drift  and  noted  the  evidences  of  a  long  interval  be- 
tween. This  idea  of  the  duality  or  multiplicity  of  the  glacial 
epochs  met  with  long-continued  opposition,  but  was  found  by  the 
glacialists  of  the  west  a  good  working  hypothesis,  and  evidences 
in  its  favor  have  multiplied. 

In  1889  Chamberlin  regarded  the  fringe  in  Pennsylvania  as  the 
unburied  edge  of  the  older  drift,  and  in  1891  Salisbury  described 
the  extra-morainic  id  rift  of  New  Jersey  and  Pennsylvania  as  the 
weathered  and  eroded  border  of  a  drift  sheet  far  older  than  the 
moraine-bordered  till.  This  was  the  first  recognition  in  the  East- 
ern States  of  multiple  drift  phenomena,  comparable  to  that  in  the 
Western  States. 
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The  study  was  given  definiteness  and  placed  on  a  working  basis 
by  the  admirable  article  of  Professor  Salisbury,  in  1893,  on  the 
*'  Criteria  for  recognition  of  distinct  glacial  epociis."  The  appli- 
cation of  these  criteria  by  different  workers,  particularly  Leverett, 
Coleman  and  Hershey,  has  so  strongly  confirmed  the  view  of 
distinct  ice  invasions  separated  by  interv.ils  of  deglaciation  that 
this  has  passed  quite  beyond  the  point  of  argumontation,  and  the 
question  now  is  as  to  the  extent  and  duration  of  the  stages  of 
deglaciation,  or  the  relative  lengtli  and  importance  of  the  glacial 
and  intcrglacial  time  divisions. 

In  1894,  Professor  Chamberlin  presented  the  whole  matter,  in 
condensed  form,  in  Geikie*s  "The  Great  Ice  Age,"  and  set  the 
example,  subsequently  followed  by  Geikie,  of  denoting  the  several 
glacial  time  divisions  by  geographic  names,  using  the  names  of 
areas  where  the  individual  deposits  are  typical.  In  1895  he  gave 
similar  names  to  the  interglacial  epochs.  The  contemporaneity  in 
Europe  and  America  of  the  climatic  oscillations  and  of  the  epeiro- 
genic  movements,  at  least  in  a  general  way,  seems  quite  demon- 
strated by  the  studies  of  Chamberlin  and  Geikie. 

Time  subsequent. —  A  question  of  great  popular  interest  concern- 
ing glaciation  is  that  of  time,  —  the  time  in  years,  especially  since 
the  ice  disappeared.  Glacialists  will  in  honesty  have  to  admit  that 
they  cannot  yet  fully  satisfy  that  proper  curiosity.  That  the  time 
is  very  brief,  judged  by  geologic  time  standards,  since  the  ice  sheet 
finally  disappeared  from  our  region,  seems  certain.  Judging  from 
the  freshness  of  the  glacial  scorings  and  the  deposits,  5,000  or 
10,000  or  15,000  years  is  thought  by  many  glacialists  to  be  a  fair 
estimate  of  the  length  of  their  exposure.  But  no  reliable  chronometer 
has  yet  been  found.  Niagara  gorge  has  been  regarded  as  the  best 
timepiece,  but  fuller  study  has  made  the  "  Niagara  Problem  "  more 
complex  and  uncertain.  It  seems  likely  that  the  volume  of  Niag- 
ara's water  has  varied  greatly  for  long  periods,  as  the  history  of 
the  river  is  intimately  connected  with  that  of  the  glacial  lakes 
of  the  upper  lake  basins.  It  is  admitted  that  during  the  ice  reti*eat 
the  Laurentian  basin  was  lower,  as  regards  sea  level,  than  at  pres- 
ent; and  was  progressively  lower  northward  and  northeastward. 
It  also  seems  certain  that  at  the  time  of  the  ice  removal  the  waters 
found  lower  outlets  eastward  from  lake  Huron  than  by  way  of  lake 
Erie,  and  that  such  outflow  persisted  until  the  slow  differential  up- 
lift raised  the  northern  outlet  above  the  St.  Clair  outlet.     Hence 
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for  one,"  or  probably  two,  long  stages  Niagara  river  carried  only 
the  insignificant  drainage  of  the  Krie  basin.  This  argues  for 
greater  length  of  postgltieial  time.  On  the  other  hand  there  is  a 
question  as  to  the  origin  of  the  gorge,  whether  cut  de  novo^  or  in 
part  reexcavated  or  enlarged  by  the  modern  river.  The  chief  stu- 
dents of  the  subject  have  been  Gilbert,  Spencer,  Upham  and  Taylor. 
Out  of  the  mass  of  literature  two  papers  must  be  noticed :  that  of 
Gilbert,  "  The  History  of  Niagara  River,"  1890,  which  plac<*d  the 
elements  of  the  problem  before  the  public ;  and  the  paper  by  F.  li. 
Taylor,  1898,  ''Origin  of  the  Gorge  of  the  Whirlpool  Rapids  at 
Niagara,"  which  gives  the  latest  results  of  the  correlation  study  of 
Niagara  and  the  glacial  lakes. 

The  recession  of  St.  Anthony's  Falls  in  the  Mississippi  has  also 
been  studied  as  a  measuring  rod  of  postglacial  time,  especially  by 
K.  H.  Winchell,  with  results  concordant  with  those  of  Niagara  and 
other  similar  studies. 

Recently  Mr.  H.  M.  Bannister  has  argued  for  gieat  duration  of 
the  ice  sheet,  from  data  derived  from  transportation  of  far-travelled 
erratics  ;  and  Mr.  Taylor  finds  a  great  length  of  time  required  to 
form  the  moraines  of  recession  in  the  Erie-Huron  basin  laid  down 
by  the  slow  oscillations  of  the  ice  front ;  the  latter  paper  favoring 
astronomical  forces  as  a  cause  of  glaciation,  at  least  in  part. 

The  question  of  glacial  time  is  closely  connected  with  the  prob- 
lem of  glacial  cause. 

INTERPRETATION    OF    SPECIAL    PHKKOMENA. 

Drumlins.  —  These  are  usually  conspicuous  topographic  features 
and  frequent  references  to  them,  under  various  descriptive  terms, 
occur  in  the  early  literature  of  the  drift.  Under  the  diluvial  hy- 
pothesis little  effort  was  made  to  explain  their  origin,  and  Edward 
Hitchcock  found  in  them  an  objection  to  the  glacial  theory. 

The  name  "drumlin"  was  applied  in  1866  to  similar  drift 
masses  in  Ireland  by  H.  M.  Close.  In  America  various  appella- 
tions were  given :  by  Professor  Shaler,  who  was  the  first  Ameri- 
can to  write  upon  them,  —  "  drums  "  and  "  sow-backs,"  1870 ;  by 
C.  H.Hitchcock,  "lenticular  hills,"  1876.  The  elongated  forms 
of  Central  New  York  were  described  in  1882  by  Laurence  John- 
son as  "  parallel  drift  hills,"  and  Professor  Chamberlin  in  1883 
called  them  ''  mammillary  "  or  "  elliptical  hills."  The  name  drum- 
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lia  was  proposed  for  use  in  this  country  by  W.  M.  Davis,  in  1884, 
and  at  once  adopted. 

As  nearly  all  drumlins  are  composed  wholly  of  till,  and  espec- 
ially so  in  the  superficial  part,  it  was  early  recognized  that  they 
were  an  immediate  product  of  ice  work,  and  they  were  so  referred 
by  Close  as  early  as  18G4.  In  1872  Kinahan  and  Close  regarded  them 
as  subglacial  and  constructive,  comparing  them  to  the  longitudinal 
sand-bars  in  the  bed  of  a  stream.  This  view  of  the  genesis  of 
drumlins  has  been  adopted,  in  a  general  way,  by  most  American 
glacialists.  The  suggestion,  made  by  Professor  Shaler  in  1870, 
that  they  may  be  remnants  of  an  earlier,  eroded  drift  sheet,  or 
that  they  represent  old  moraines  remodelled  by  readvance  of  ice, 
as  proposed  by  C.  H.  Hitchcock,  have  been  quite  abandoned. 
Their  parallelism  with  the  direction  of  ice  movement  was  first 
noted  in  America  by  Hitchcock  and  Upham  in  1875.  In  1883 
Professor  Chamberlin  discriminated  drumlins  froni  moraines,  as 
being  longitudinal,  or  axi-radiant  with  reference  to  the  moving  ice 
body. 

The  hypothesis  of  drumlin  origin  by  the  piling  of  the  ground- 
moraine  by  differential  piessure  and  movement  of  the  overriding 
ice  body,  along  the  peripheral  zone  where  transporting  power  be- 
comes inadequate  to  the  drift  burden,  is  regarded  as  a  plausible 
and  satisfactory  explanation.  The  chief  objection  to  this  is  neg- 
ative, the  failure  of  more  uniform  distribution  and  even  the  entire 
absence  of  drumlins  over  vast  areas  of  drift.  Another  difficulty 
is  physical :  a  lack  of  precise  knowledge  of  the  manner  in  which 
ground  moraine  is  lifted  in  relatively  short  distances  to  heights  of 
100  or  200  feet.  Mr.  Upham  has  attempted  to  solve  this  problem 
by  an  argument  for  the  construction  of  drumlins,  and  moraines 
also,  by  the  lodgment  of  englacial  drift.  This  difficulty  is  less 
acute,  however,  since  Professor  Chamberlin  had  observed  sections 
of  miniature  drumlins  beneath  the  ice  foot  of  the  Greenland  gla- 
ciers, with  the  overriding  ice  moulding  itself  to  the  drumlinoid 
curve. 

Moraines.  —  The  masses  of  moraine  drift  were  not  entirely 
overlooked  in  early  writings  upon  the  diluvial  phenomena,  yet 
they  were  not  emphasized  since  their  superior  importance  and 
interest  only  appear  with  their  recognition  as  marginal  phenomena 
of  the  ice  sheet.  On  account  of  their  irregular  topography  and 
areal  distribution   they  are   not  so  likely  to  attract  attention  as 
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drumlins  or  even  as  some  eskers,  and  not  until  the  glacier  theory 
was  so  established  as  to  be  made  the  basis  of  observation  and 
investigation  were  moraines  discriminated  and  mapped.  Their 
systematic  study  is  within  the  last  twenty-five  years. 

The  earliest  mention  of  moraines,  by  that  name,  in  American 
geology  is  believed  to  occur  in  the  postscript  to  Edward  Hitch- 
cock's Geology  of  Massachusetts.  (See  above,  page  262.)  Appre- 
ciating their  significance  as  glacial  phenomena  he  gives  a  large 
space  to  moraines  and  notes  their  occurrence  at  various  localities. 
The  closing  paragraph  is  as  follows : 

**  Is  it  possible  that  the  whole  of  Cape  Cod  is  nothln<j  but  a  viist  ter- 
minal moraine,  produced  by  a  glacier  advancing  through  Massachusetts 
Bay  and  scooping  out  the  materials  that  now  form  the  Cape?  In  this  case 
the  moraines  at  Plymouth  and  Truro  would  form  part  of  the  lateral  mo- 
raines, and  probably  most  of  Nantucket  and  Martha's  Vineyard  might  be 
regarded  as  moraines  of  tl:e  »ame  glacier,  when  it  extended  further 
south." 

The  hills  of  the  Long  Island  moraine  were  described  by  Mather 
in  1843,  in  his  report  on  the  First  New  York  District,  but  without 
recognizing  their  true  character. 

In  his  chapter  on  surface  geology,  in  the  Report  on  the  Geologi- 
cal Survey  of  Canada  for  1863,  Robert  Bell  described  ridges  of 
drift  as  resembling  moraines,  along  the  Ottawa  river,  which  was  a 
correct  diagnosis.  His  map  of  superficial  deposits,  accompanying 
that  report,  is  believed  to  be  the  first  map  of  Pleistocene  deposits 
published  in  America  with  recognition  of  glacial  agency. 

In  1864  J.  D.  Whitney  published  a  notice  of  terminal  moraines 
of  alpine  glaciers  in  the  Sierra  Nevada,  about  Mt.  Lyell  and  Mt. 
Dana.  In  1866  Whittlesey  indicated  on  his  map,  in  the  Smith- 
sonian Contributions,  "  morainic  knolls  "  south  of  Lake  Erie,  also 
west  of  Lake  Michigan,  the  latter  being  the  noted  "  kettle  range,*' 
studied  later  by  Chamberlin,  but  apparently  he  did  not  understand 
their  significance  as  terminal  drift. 

In  his  report  of  the  Iowa  Geological  Sui-vey,  1870,  Dr.  C.  A. 
White  refers  certain  ridges,  somewhat  hesitatingly,  to  terminal 
moraines.  Excluding  the  references  by  Edward  Hitchcock  this  is 
probably  the  earliest  notice  printed  in  the  United  States  of  termi- 
nal moraines  in  the  open  country,  as  distinguished  from  those  of 
alpine  glaciers  in  the  mountain  valleys. 

In  1871  Mr.  Gilbert  described  the  series  of  recessional  moraines 
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in  the  Maumee  valley ;  and  from  this  time  the  study  of  morainal 
drift  was  prosecuted  with  more  confidence. 

Probably  the  earliest  positive  recognition  of  the  great  terminal 
moraine  of  the  continental  ice  sheet  was  made  by  C.  H.  Hitchcock 
in  a  paper  on  the  Long  Island  moraine  read  before  the  New  York 
Lyceum  of  Natural  History  in  1868,  but  never  printed.  Several 
years  passed  before  there  were  any  published  descriptions  of  the 
terminal  moraine,  and  it  is  interesting  to  note  the  comparative 
suddenness  and  contemporaneity  with  which  several  workers  cov- 
ered the  entire  line  of  terminal  drift  from  Cape  Cod  to  the  Mis- 
souri. In  1875  G.  M.  Dawson  recognized  the  '*  Missouri  Coteau" 
as  marginal  glacial  debris.  In  1877  T.  C.  Chamberlin  described 
the  Wisconsin  kettle  moraine  and  indicated  the  southern  limit  of 
drift  from  Nebraska  to  New  York.  This  was  the  first  definite 
mapping  of  moraines  in  American  geology.  In  the  same  year 
George  H.  Cook  and  John  C.  Smock  published  their  firet  paper  on 
the  terminal  moraine  crossing  New  Jersey,  and  in  1878  and  1879 
Warren  Upham  published  descriptions  of  the  terminal  moraine 
series  which  he  had  surveyed  from  Staten  Island  to  Cape  Cod.  In 
1881  H.  Carvill  Lewis  and  G.  F.  Wright  traced  the  same  drift 
series  across  Pennsylvania,  the  results  being  printed  in  1884. 
Professor  Chamberlin*s  classic  paper  on  the  *'  Terminal  Moraine 
of  the  Second  Glacial  Epoch,"  which  has  been  a  basal  reference 
for  all  subsequent  work  upon  the  moraines  about  the  Great  Lakes, 
was  published  in  1883.  It  will  be  seen  that  within  six  years,  1877 
to  1883,  the  important  terminal  and  recessional  moraines  within 
the  limits  of  the  United  States  were  located  and  described ;  and 
although  the  work  in  preparation  for  publication,  especially  by 
Professor  Chamberlin,  must  have  occupied  some  years  preceding, 
it  is  nevertheless  a  good  example  of  the  saltant  character  of  intel- 
lectual progress. 

In  1878  Professor  Chamberlin  correlated  the  Cape  Cod-Long 
Island  morainal  series  with  the  "  Kettle  Moraine  "  belt  of  the  in- 
terior region. 

A  discrimination  between  the  extreme  southern  tract  of  the  drift, 
in  the  Mississippi  basin,  and  the  more  definite  morainal  belt  of  a 
later  ice  invasion  was  maile  by  Professor  Chamberlin  in  1882.  A 
similar  discrimination  in  Pennsylvania  and  New  Jersey  was  made 
by  R.  D.  Salisbury  in  1891. 

Against   the  great  debt  which  American   glaciology  owes  to 
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European  investigation  there  is  something  on  the  credit  side.  The 
skill  acquired  in  the  study  of  American  moraines  enabled  two 
American  geologists  to  find  similar  phenomena  in  Europe.  11. 
Carvill  Lewis,  in  1886,  traced  terminal  moraines  in  Gre.-it  Britain 
and  Ireland,  and  one  year  later  R.  D.  Salisbury  did  the  same  thing 
in  Germany,  these  being  the  first  discovery  of  open-country  mo- 
raines of  the  massive  order  of  the  European  ice  sheets.  These 
discoveries  of  European  peripheral  moraines  were  of  great  impor- 
tance, as  they  laid  the  foundation  for  further  location  of  morainal 
belts  and  so  made  possible  a  comparison  of  the  marginal  oscilla- 
tions of  the  ice  sheets  of  the  two  continents,  by  help  of  which  the 
geologic  equivalency  of  the  successive  glacial  and  interglacial  de- 
posits of  Europe  and  America  has  been  determined. 

A  peculiarity  of  the  American  dei)08its  is  the  peripheral  mo- 
raines common  to,  and  produced  by,  two  opposing  or  adjacent  ice 
lobes  and  termed  '*  interlobute  "  by  Professor  Chamberlin. 

The  correlation  of  moraines  of  recession  with  glacial  lake  shore- 
lines will  be  noted  below.  In  the  study  of  the  successive  moraine 
belts  between  Cincinnati  and  Mackinac,  F.  B.  Taylor  has  reached 
the  conchision  that  these  moraines  were  produced  by  periodic 
oscillations  of  climate,  so  slow  as  to  be  referable  only  to  some  as- 
tronomical cause,  probably  the  precession  of  the  equinoxes.  But 
Croirs  hypothesis  is  not  believed  to  furnish  alone  a  satisfactory 
explanation. 

As  regards  the  precise  manner  of  morainal  accumulation,  especi- 
ally of  the  taller  hills,  there  is  not  entire  concordance  of  opinion. 
I  n  several  writings  Mr.  Upham  has  argued  that  the  moraines  were 
formed  from  englacial  drift  during  episodes  of  equality  of  advance 
and  melting,  following  stages  of  greater  ablation  and  concentration 
of  superglacial  drift;  and  that  these  conditions  were  possible  only 
during  the  warm  Champlain  epoch.  Other  writers  deny  the  ex- 
istence of  any  large  amount  of  englacial  drift,  except  near  the  base 
(see  page  270)  and  regard  even  the  highest  moraine  hills  as  due  to 
piling  of  subglacial  or  basal  drift  by  the  thinner  ice  edge  overriding 
its  own  debris. 

Eskers. — The  name  '*  osar,"  borrowed  from  European  litera- 
ture, was  applied  by  Edward  Hitchcock  to  masses  of  water-laid 
drifts  as  early  as  1842,  and  appears  frequently  in  subsequent  writ- 
ings upon  the  drift.  The  word  was  generally  used  without  close 
discrimination,  however,  being  applied    to  irregular   mounds  of 
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gravel  and  sand  as  well  as  to  riclges.  An  early  identification  was 
made  by  C.  T.  Jackson,  in  1843,  who  said  that  the  European  osars 
were  identical  with  the  *  horsebacks"  of  Maine.  During  subsequent 
years  down  to  1880  the  word  ''kame*'  was  generally  employed  in- 
stead of  osar.  The  name  '^serpent  kame"  was  applied  by  Shaler 
in  1888,  in  print. 

The  terra  "esker"  was  first  used  by  G.  H.  Kinahan  in  1863,  be- 
ing applied  to  gravel  ridges  in  Ireland,  but  in  America  it  remained 
for  W  J  McGee  to  make,  in  1881,  the  needed  differentiation  be- 
tween eskers,  applied  to  elongated  ridges  of  gravel  and  sand,  and 
kames,  designating  sand  or  gravel  deposits  of  irregular  or  mo- 
rainic  topography.  Gradually  the  word  esker  has  displaced  the 
less  convenient  word  osar.  although  the  latter  has  priority. 

Since  the  acceptance  of  the  glacial  theory  it  has  generally  been 
recognized  that  these  ridges  of  gravel,  under  whatever  name,  were 
formed  by  glacial  streams.  In  1872  N.  H.  \yinchell  attributed 
the  gravel  ridges  observed  by  him  in  Ohio  and  Minnesota  to  the 
work  of  streams  in  longitudinal  crevasses,  and  a  more  definite  ex- 
planation in  America  was  made  by  Warren  Upham  in  1876,  when 
he  referred  those  in  New  Hampshire  to  glacial  rivers,  either  supra- 
glacial  or  subglacial. 

The  genetic  distinction  between  eskers  and  kamea,  made  by 
McGee  in  1881,  was  emphasized  and  amplified  by  Chamberlin  in 
1883  and  1884,  referring  the  esker  phenomena  (using  the  term 
osar)  to  the  class  of  axi-radiant  or  longitudinal  stream  drift,  as 
distinguished  from  the  peripheral  kame  deposits.  That  eskers  are 
constructive  forms,  deposited  iu  the  beds  of  glacial  streams,  in 
comparatively  stagnant  ice,  seems  to  be  univereally  admitted. 
There  remains,  however,  some  lack  of  unanimity  as  to  the  attitude 
of  the  streams,  whether  upon  or  within  or  beneath  the  ice  body. 
In  1884  Professor  Shaler  gave  reasons  for  believing  them  to  be 
formed  in  channels  of  subglacial  streams.  Mr.  Upham  has  re- 
garded the  streams  as  supraglacial  after  the  subglacial  channels 
had  become  obstructed,  or  in  some  cases  as  flowing  in  deep  ice- 
walled  canyons, preaching  perhaps  to  the  ground.  Down  to  1890 
George  H.  Stone,lin  his  writings  upon  the  drift  phenomena  of 
Maine,  regarded  the  esker  streams  as  mainly  superglacial,  but  in 
1893  he  thought  them  subglacial,  at  least  in  the  coastal  region.  In 
a  critical  study  of  the  origin  of  certain  eskers  in  Massachusetts  by  W. 
M.  Davis,  and  in  a  discussion  of  the  mechanics  of  the  phenomena 
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by  J.  B.  VVoodwoitb,  both  authore  conclude  that  the  streams  were 
subpriticial ;  and  the  weight  of  opinion  now  favors  subglacial  streams 
in  the  relatively  stagnant  submarginal  portions  of  the  ice  sheet. 
The  observations  of  Professor  Russell  in  Alaska  and  of  Professor 
Chamberlin  upon  the  ice  foot  in  Greenland,  give  force  to  this  view. 
There  seems  to  be  no  better  explanation  for  the  greatly  extended, 
continuous  eskera  of  uniform  cross  section,  or  prism,  which  trav- 
erse hills  and  valleys,  than  that  they  were  formed  in  tunnels  in  <»r 
beneath  the  ice ;  the  streams  in  many  cases  being  under  hydraulic 
pressure.  But  doubtless  some  of  the  broader  or  shorter,  discontin- 
uous, irregular  ridges  may  have  beeh  deposited  in  other  ways, 
near  the  ice  front.  A  question  of  some  importance  in  this  connec- 
tion is  the  relative  amount  of  interglacial  or  supei^lacial  drift.  In 
an  ice  body  with  little  debris  above  its  base  only  subglacial  streams 
could  acquire  great  burden. 

In  northeastern  Iowa  occur  some  unique  deposits  which  may  be 
regarded  as  allies  to  eskers.  They  have  been  described  by  McGee 
and  named  *'  paha."  These  are  elongated  ridges  of  aqueo-glacial 
material  upon  the  surface,  deposited  in  canyons  in  the  ice.  '•  llie 
streams  were  originally  superglacial,  so  that  the  modern  drainage 
is  'superimposed  from  ice*  to  use  Gilbert's  expression;  these 
streams  were  originally  located  by  eminences  under  the  ice,  which 
retarded  the  flow  and  developed  incipient  lobation  ;  and  after  the 
streams  had  deepened  their  channels  so  far  as  to  materially  red uco 
the  thickness  of  the  ice,  then  the  subglacial  water  was  forced  to- 
wai-d  the  same  lines,  and  the  superglacial  and  subglacial  flow  coin- 
cided and  eventually  formed  ice  canyons  in  which  the  paha  were 
accumulated." 

Karnes. — In  an  historical  way  it  is  difficult  to  discuss  kames 
apart  from  eskers,  as  in  the  literature  down  to  1881  the  several 
names  employed  were  used  quite  indifferently  and  the  two  forms  of 
deposits  were  not  discriminated. 

Edward  Hitchcock  in  1847  evidently  described  areas  of  kames 
under  the  name  of  ''  moraine  terrace,*'  and  admitted  that  he  was 
unable  to  determine  their  origin. 

As  stated  above  (see  under  eskers)  the  name  was  first  used  dis- 
criminatively  by  McGee  in  1881,  and  Chamberlin  in  1883  and  1884 
described  them  as  constructional  forms,  not  erosional  as  some  writers 
had  thought,  and  grouped  them  genetically  with  water-laid  drift, 
peripheral  to  the  ice  body  and  associated  with  terminal  moraines. 
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As  to  the  precise  physical  conditions  under  which  kames,  kanie- 
areas  and  kame-moraiiies  were  formed  there  is  still  some  uncer- 
tainty. That  they  were  deposited  by  glacial  streams  in  immediate 
relation  to  the  ice  edge  is  regarded  as  quite  certain.  But  were 
they  formed  on  open  ground,  or  in  standing  waters?  And  were 
they  from  subglacial  drainage  or  from  streams  higher  in  the  ice 
sheet?  The  latter  question  is  partly  dependent  upon  the  amount 
of  inlerglacial  and  superglacial  debris.  Mr.  Upham  has  favored 
the  latter  source  of  supply,  but  from  the  study  of  the  Greenland 
glaciers  Chamberlin  thinks  that  both  kames  and  eskers  are  from 
basal  drift,  and  are  *'  products  of  relatively  active,  vigorous  gla- 
ciers." It  seems  that  the  existing  glaciers  of  Alaska  and  Green- 
land suggest  subglacial  origin  of  the  kame  drift,  but  it  is  conceiv- 
able that  the  conditions  of  the  American  continental  ice  sheet  may 
have  been  different. 

In  1884  Professor  Shaler  presented  an  argument  for  the  for- 
mation of  kames  in  static  water  by  detritus-burdened  subglacial 
streams  issuing  from  the  ice  front  under  hydraulic  pressure.  This 
theory  might  explain  the  majority  of  kame  depfjsits,  whir  h  with 
highly  accentuated  topography  seem  lAore  abundant  in  localities 
of  marine  or  lacustrine  submergence  during  the  ice  recession. 
But  mounds  of  water- laid  drift  are  found  at  various  altitudes  and 
such  were  evidently  formed  under  different  conditions.  It  might 
be  well  to  discriminate  here  and  restrict  the  word  kame  to  the  typi- 
cal subaqueous  deposits  and  find  another  term  for  I  he  subaerial 
accumulations. 

Kettles. — Perhaps  less  progress  has  been  made  in  explanation 
of  the  hollows  or  bowls  called  "  Kettles  "  than  of  any  other  gla- 
cial pheuomenon.  The  explanation  of  their  origin  made  by  Edward 
Hitchcock  in  184 J,  that  they  were  produced  by  the  melting  of 
buried  masses  of  ice,  is  still  the  common  interpretation  of  their 
genesis.  In  1859  this  idea  was  adopted  by  Whittlesey  in  his 
paper  on  the  "  Drift  Cavities  or  Potash  Kettles  of  Wisconsin."  In 
1877  Professor  Chamberlin  mentioned  four  possible  causes  of 
Kettles:  (1)  irregularities  of  heaping;  (2)  the  pushing  of  one 
drift  ridge  unconformably  against  a  preceding  one ;  (3)  the  incor- 
poration of  ice  blocks ;  and  (4)  under-drainage.  In  1884  Dana 
thought  the  basins  in  the  gravel  terraces  of  the  New  Haven  region 
were  produced  by  eddies  in  the  flowing  water;  but  these  have 
been  examined  by  J.  B.  Woodworth  who  pronounces  them  typical 
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ice-block  kettles.  Those  irregular  depressions,  sometimes  of  large 
size,  which  occur  in  water-laid  drift,  suggesting  the  name  '"  pitted 
plains,"  have  received  no  other  acceptable  explanation  than  that 
of  ice-block  genesis,  although  still  regarded  by  many  geologis^ts 
as  of  uncertain  origin. 

It  seems  probable  that  *' kettles"  may  be  of  various  origin. 
Some  of  those  in  moraine  and  karae  deposits  may  be  due  to  irreg- 
ular piling  of  the  drift,  while  others  were  most  certainly  occupied 
by  ice  blocks  during  the  deposition  of  the  drift.  Some  of  those 
in  delta  terraces  are  evidently  due  to  deficient  filling  by  the  capri- 
cious action  of  shore  and  stream  currents.  The  larger  and  deeper 
ones  in  river  terraces  or  in  deltas,  giving  rise  to  the  name  *'  pitU'd 
plains/*  are  most  probably  of  ice  block  origin. 

The  literature  of  the  subject  is  scanty.  Among  later  writers 
are  Mr.  Upham  and  Professor  Woodworth.  The  latter  has  en- 
deavored lo  estimate  the  size  of  the  ice  blocks  from  a  study  of  the 
kettles. 

Valley  Drifts  Terraces. —  The  enormous  quantity  of  water-laid 
drift  in  the  stream  valleys  leading  south  from  the  glaciated  areas, 
as  well  as  within  those  areas,  was  the  firmest  basis  for  the  diluvial 
hypothesis  of  the  drift;  and  the  early  literature  contains  con- 
siderable matter  upon  the  subject.  Down  to  1857  the  most  volu- 
minous writer  was  Edward  Hitchcock.  As  early  as  1833  he 
explained  the  Connecticut  river  terraces  by  a  down  cutting  of  the 
river  through  beds  deposited  in  higher  stages  of  flood.  In  his 
paper  of  1857  he  recognized  the  complexity  of  forces  and  thought 
that  the  valley  terraces  were  formed  in  different  ways ;  those  of 
the  Connecticut  valley  chiefly  by  a  slow  lifting  of  the  land  with 
local  changes  or  shifting  of  the  streams.  The  recognition  of  the 
valley  drift  of  New  England  as  derived  from  glacial  debris  and 
deposited  by  glacial  floods  was  made  by  Dana  in  1855.  As  early 
as  1858  M.  Tuomey  suggested  that  the  Mississippi  valley  drift  was 
deposited  by  floods  from  the  sudden  melting  of  the  northern  gla- 
ciers, and  in  1859  E.  B.  Andrews  correlated  the  terraces  of  the 
southern  Ohio  valley  with  the  glacial  drift. 

Concerning  details  of  the  terrace  formation  in  New  Englanil 
there  have  been  divergence  and  changes  of  opinion.  In  the  earlier 
editions  of  his  Manual  Dana  held  that  the  terrace  drift  was  accu- 
mulated during  a  time  of  land  depression  and  slack  drainage,  and 
the  terraces  excavated  during  pauses  in  the  reelevation   of  the 
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land.  But  in  the  edition  of  1879  he  admitted  that  the  height  of 
the  upper  terraces  marked  the  height  of  the  glacial  flood,  and  that 
change  of  land  altitude  was  not  essential ;  thus  granting  the  early 
contention  of  Hitchcock. 

Loess. —  The  resemblance  of  certain  superficial  deposits  through- 
out the  interior  portions  of  the  United  States  to  the  '*  Loess  "  of 
Germany  and  of  China  was  recognized  early  in  this  century,  but 
the  writer  is  not  certain  of  the  earliest  suggestion  of  connection 
of  the  deposit  with  glacial  phenomena.  Such  suggestion  was  made 
as  early,  at  least,  as  1866,  by  Whittlesey,  who  attributed  the 
'*  lopss-like"  deposits  of  Illinois,  southern  Iowa  and  Missouri  to 
floods  from  the  melting  ice  sheet.  From  thut  date  to  the  present 
tlie  numerous  writers  upon  the  loess  have  been  almost  unanimous 
in  regarding  the  American  deposits  ns  aqueous,  and  as  having 
some  relation  to  glacial  conditions,  although  there  were  differences 
of  opinion  as  to  the  precise  conditions  of  deposition.  One  notable 
exception  to  this  view  was  published  in  1879  by  R.  Fumpelly  advo- 
cating the  eolian  origin  of  much  of  the  Mississippian  loess.  A 
paper  by  J.  E.  Todd  before  this  Association  in  1878  gave  a  good 
summary  of  the  aqueous  argument.  In  1881  Chamberlin  was 
almost  alone  in  thinking  that  the  loess  of  Iowa  and  Nebraska  was 
partially  aqueo-glacial  and  partially  eolian,  in  which  opinion  others 
now  concur. 

During  the  years  1878-1881  McGee  discovered  that  the  lowan 
loess  wns  an  aqueo-glacial  deposit  marginal  to  the  drift  sheet  now 
named  '*  lowan."  This  work  was  published  in  1882.  This  idea 
was  subsequently  amplified  and  given  with  more  fullness  and  detail 
by  Chamberlin. 

The  description  by  Todd  and  Bain,  in  1895,  of  six  feet  of  till, 
supposed  to  be  of  iceberg  origin,  intercalated  in  the  loess  of  Iowa, 
would  help  to  confirm  the  theory  of  fluvio-lacustrine  origin  of  at 
least  those  deposits. 

The  latest  conclusions  upon  the  subject  of  the  loess  are  found  in 
two  papers  of  last  year,  one  by  J.  A.  Udden,  the  other  by  Profes- 
sor Chamberlin,  which  agree  in  attributing  the  Mississippian  loess 
partially  to  eolian  origin.  The  paper  of  Mr.  Udden  argues  for  the 
atmospheric  origin  in  larger  part.  Professor  Chamberlin  holds 
that  the  loess  was  originally  glacio-aqueous  and  only  secondarily 
eolian,  the  latter  in  minor  part;  in  these  respects  differing  from 
the  Asian  loess  of  Richthofen. 

Lake  Basins — Preglacial  Drainage, — The  problem  of  the  origin 
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of  lake  basins,  especially  those  of  the  Laurentian  system,  has  been 
so  intimately  connected  with  glacial  studies  that  the  subject  should 
be  mentioned. 

With  the  extreme  views  of  glacial  erosion  that  were  current 
after  the  general  adoption  of  the  glacial  theory  of  Agassiz  it  was 
but  natural  to  attribute  even  larger  lake  basins  to  the  gouging 
erosion  of  the  ice  sheet.  That  such  is  the  genesis  of  many  smaller 
tarns  and  lakelets  in  areas  of  thin  drift  is  admitted.  Geikie  states 
this  emphatically  for  Scotland  and  Bell  for  Canada.  Twenty  yeare 
ago  Newberry  so  explained  the  great  lake  basins,  with  Dana  as- 
senting somewhat  cautiously.  As  late  as  1894  Professor  Tarr 
thought  that  the  Cayuga  basin  had  been  deepened  450  feet  by  gla- 
cial erosion. 

On  account  of  the  incidental  character  of  the  references  to  this 
matter  it  is  doubtful  where  credit  should  be  given  for  the  earlier 
suggestions  of  the  current  views.  As  early  as  1866  Whittlesey 
recognized  that  the  preglacial  topography  of  the  region  of  the  great 
lakes  was  in  its  broader  features  the  same  as  at  present  This  was 
an  important  observation  and  gave  a  basis  for  moderate  views.  In 
1881  J.  W.  Spencer  attributed  the  great  lake  basins  to  subaerial 
and  fluviatile  agencies,  and  Professor  Clay  pole  the  same.  The 
complexity  of  their  origin  was  emphasized  by  Professor  Chamber- 
lin  in  1883,  and  this  now  seems  evident. 

In  1863  J.  P.  Lesley  attributed  the  New  York  lakes,  with  Kiie 
and  Huron,  to  "  northward  rise  of  their  floor- rock."  This  keen 
inference  has  been  verified  by  studies  of  the  old  shorelines.  It  is 
now  generally  believed  that  the  great  lakes  occupy  preglacial  basins 
of  subaerial  erosion,  modified  in  some  unimportant  degree  by  the 
mechanical  abrasion  of  the  ice ;  and  that  the  ponding  of  the  water, 
while  possibly  due  in  some  extent  to  morainal  damming,  is  chiefly 
due  to  differential  northeastward  uplift. 

Dr.  Newberry,  as  early  as  1862,  showed  the  existence  of  ancient 
river  channels  in  the  Erie  basin  buried  under  glacial  debris,  and 
proving  the  higher  altitude  of  the  hind  in  preglacial  time.  In  1869 
he  predicated  the  existence  of  an  undiscovered  channel  that  must 
have  been  the  preglacial  connection  of  the  Huron  and  Erie  basins, 
and  in  many  subsequent  writings  he  discussed  the  ancient  drainage 
of  North  America.  Dr.  J.  W.  Spencer  subsequently  took  up  this 
work  in  the  Laurentian  basin  with  good  results,  and  has  endeav- 
ored to  map  the  preglacial  drainage  of  the  great  lakes. 

The  studies  of  Spencer,  Carll,  Foshay,  I.  C.  White,  Salisbury, 
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Chamberlin,  Leverett  and  others,  indicate  that  some  of  the  area, 
now  drained  southward  by  the  upper  Mississippi,  Ohio  and  Sus- 
quehanna, was  in  preglacial  time  probably  drained  northward. 

Glacial  Lakes.  —  The  glacial  phenomena  receiving  the  latest 
serious  study  are  those  of  ice-dammed  waters.  The  subject  has 
been  found  of  unnsual  and  romantic  interest  and  considerable  lit- 
erature has  accumulated,  chiefly  during  the  last  decade. 

The  necessary  existence  of  lakelets  or  small  ephemeral  bodies 
of  water  between  the  ice  foot  and  north-sloping  land  surfaces  has 
long  been  recognized,  but  it  is  only  in  recent  years  that  the  concep- 
tion has  been  enlarged  to  grasp  lakes  of  vast  extent  and  duration. 
The  possibility  of  such  lakes  has  been  questioned,  but  the  facts 
are  so  numerous,  so  easily  found  and  verified  and  so  clear  and 
incontrovertible  that  doubt  is  no  longer  possible. 

With  the  approximate  determination  of  the  trend  of  the  retreat- 
ing ice  foot,  as  shown  by  the  peripheral  drift,  the  history  of  the 
glacial  waters  becomes  possible.  The  study  of  glacial  lakes  nat- 
urally followed  the  study  of  moraines.  The  two  studies  are  now 
prosecuted  together  with  advantage,  since  it  is  found  that  shore- 
lines and  outlet  channels  must  frequently  correlate  with  moraines. 

The  conspicuous  shoreline  phenomena  about  the  Laurentian 
great  lakes  were  early  observed  by  settlers  and  travellers,  particu- 
larly in  the  basins  of  Ontario  and  Erie,  and  their  character  as 
beaches  was  understood.  Lyell  in  1842  regarded  them  as  marine, 
but  the  common  explanation,  and  the  correct  one,  attributed  them 
to  fresh  waters.  They  were  the  subject  of  study  and  printed 
description  by  Thomas  Roy  (1837),  Lyell,  Hall,  Whittlesey,  New- 
berry, Gilbert,  N.  H.  Winchell  and  Klippert  before  the  true  cause 
of  the  hiijh  waters  was  nnderstood.  Dr.  Newberry  seems  to  have 
been  the  first  one  to  recognize  the  ice  barrier  as  the  occasion  of 
the  high-level  waters  in  the  Laurentian  basin.  As  early  as  1862 
he  clearly  described  the  ice- wall  of  the  retreating  glacier  as  form- 
ing the  northern  shore  of  the  fresh-wnter  inland  sea  and  described 
the  consequent  phenomena.  In  1809  he  presented  the  same  facts 
more  definitely  and  with  greater  fullness,  but  apparently  he  did 
not  yet  clearly  realize  that  the  ice  wall  was  the  dam  or  barrier 
which  retained  the  broad  waters  at  the  ancient  high  level,  suggest- 
ing instead  some  change  in  the  attitude  of  the  land.  However, 
he  did  recognize  the  ice  barrier  in  his  first  volume  on  the  geology 
of  Ohio,  published  in  1873;  and  in  the  second  volume,  1874,  he 
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not  only  clearly  predicated  the  ice  dam  but  discussed  the  whole 
history  of  the  glacial  waters,  from  the  early  primitive  stages,  in  a 
manner  that  shows  he  had  a  clear  conception  of  the  main  facts. 

Before  this  Association  in  1872,  N.  H.  Winchell  suggested  the 
damming  of  the  Michigan  waters  upon  the  north  as  having  made 
the  ancient  Chicago  outlet  effective ;  also  the  blockade  of  the  St. 
Lawrence  valley  as  causing  the  high-level  waters  in  the  Erie  basin. 
The  latter  suggestion  doubtless  implied  the  blocking  also  of  the  low 
divide  between  the  Ontario  basin  and  Mohawk  valley,  which  is  far 
below  the  old  shorelines.  In  the  same  year,  1872,  Winchell  sug- 
gested that  the  waters  of  the  Winnipeg  basin  (Lake  Agassiz)  had 
been  forced  south,  through  river  Warren,  by  a  glacier  barrier. 
These  were  probably  the  earliest  definite  localization  of  glacial 
waters. 

The  first  mapping  of  ancient  beaclies,  and  the  correlation  of 
those  beaches  with  an  abandoned  outlet,  was  by  Mr.  Gilbert,  in 
1871,  in  description  of  the  Maumee  valley  benches  and  the  Fort 
Wayne  outlet.  Land  deformation  he  supposed  was  the  cause  of 
the  change  in  water  level. 

The  tracing  of  the  beaches  in  the  Erie  basin  was  tlone  by 
Gilbert,  Winchell,  Klippert  and  Newberry  mostly  before  1872. 
Newberry's  map  of  the  beachos  west  of  Cleveland,  1874,  is  the 
first  map  of  glacial  lake  beaches,  so  recognized. 

The  earliest  systematic  work  upon  the  beaches  in  the  Ontario 
basin  was  done  by  J.  W.  Spencer  and  published  in  1882  with  a 
theory  of  marine  origin.  In  1885  Mr.  Gilbert  printed  a  descrip- 
tion of  the  high  beaches  upon  the  southern  side  of  the  Ontario 
basin  and  correlated  them  with  an  eastward  outlet  by  the  Mohawk- 
Fludson.  The  names  Warren,  Algonquin  and  Iroquois  were  ap- 
plied by  Spencer  to  the  ancient  high  waters  of  the  Erie-Hnron 
and  tlie  Ontario  basins  in  1888,  Imt  with  denial  of  their  glacial 
character. 

The  earliest  comprehensive  account  of  the  glacial  lake  history  of 
the  Laurentian  basin  was  published  by  Gilbert  in  1890,  with  maps, 
which  were  the  earliest  cartographic  representation  of  glacial  lakes. 
In  this  admirable  paper  he  showed  the  rise  of  the  beaches  north- 
eastward, due  to  the  differential  uplift  of  the  region ;  the  fluctua- 
tion of  level  in  the  basins  produced  by  the  opening  of  successively 
lower  outlets  toward  the  north  and  the  progressive  tilting  of  the 
land  throwing  back  the  flow  upon  southern  outlets ;  with  the  final 
result  in  the  present  Great  Lakes. 
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F*or  the  full  confirmation  of  the  theory  of  glacial  dams  it  was 
necessary  to  prove  the  actual  relation  of  moraines,  as  marking  lo- 
cations of  the  ice  barrier,  to  the  beaches.  This  was  first  done  by 
Frank  Leverett  in  1892,  in  the  western  section  of  the  Erie  basin  ; 
and  in  1895  in  the  southeastern  section.  In  1896  F.  B.  Taylor 
correlated  the  beaches  and  moraines  in  southeastern  Michigan, 
thereby  finding  the  key  to  the  glacial  lake  succession  in  the  Erie- 
Huron  basin.  His  tracing  of  subaqueous  moraines  from  highland 
to  highland  and  their  correlation  with  old  outlets  and  shorelines 
leave  no  chance  for  further  doubt  of  the  adequacy  of  glacier 
dams. 

The  largest  known  glacial  lake,  and  the  one  most  fully  de- 
scribed, is  Lake  Agassiz.  The  shoreline  phenomena  of  this  lake  were 
described  in  part  by  H.  Y.  Hind  as  early  as  1859.  The  southward 
outlet  to  the  Mississippi  was  described  by  G.  K.  Warren  in  1868. 
The  glacial  character  of  the  waters  was  suggested  by  N.  H.  Win- 
chell  in  1872  and  1877.  The  name  "Lake  Agassiz"  was  applied 
by  Warren  Upham  in  1879,  who  has  immortalized  the  lake,  and 
himself,  by  his  recent  monograph. 

Several  other  investigators  have  described  glacial  lake  phenom- 
ena in  different  localities:  G.  H.  Cook,  in  New  Jersey,  with 
later  description  of  his  "Lake  Passaic"  by  R.  D,  Salisbury  and 
H.  H.  KiJmmel;  E.  W.  Claypole  in  Ohio;  C.  R.  Dryer  in  Indiana; 
S.  P.  Baldwin  in  the  Champlain  valley;  E.  H.  Williams,  Jr.,  in 
the  upper  Lehigh  valley;  I.  C.  White  in  the  Monongahela  valley ; 
the  writer  in  central  western  New  York ;  and  especially  F.  B. 
Taylor  throughout  the  larger  part  of  the  area  of  the  great  lakes. 

The  glacial  lake  studies  have  developed  interesting  and  impor- 
tant results  concerning  crustal  movements.  The  deformation  of 
the  shorelines  gives  values  for  the  epeirogenic  differential  uplift 
over  the  Lauren tian  and  the  Winnipeg  basins  during  postglacial 
time,  of  which  the  full  significance  may  not  yet  be  developed.  An 
interesting  problem  now  in  process  of  solution  by  Taylor,  Gilbert 
and  others  is  the  relation  of  glacial  lakes  in  the  upper  Laurentian 
basin  to  the  histoiy  of  the  Niagara  river  and  the  excavation  of  the 
gorge.     (See  above,  pages  273-274.) 

EXISTING    GLACIERS. 

The  existence  of  living  glaciers  in  the  United  States  has  been 
recognized  since  about  1870,  and  it  is  found  that  in  Oregon  and 
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Washington  are  alpine  systems  which  are  in  some  respects  as  in- 
teresting and  instructive  as  those  of  Switzerland.  The  glacier 
fields  of  Alaska  and  adjjicenl  Canada  are  far  superior  to  those  of 
Europe,  and  include  the  only  known  examples  of  the  *'  piedmont*' 
type,  of  Russell,  the  broad  and  comparatively  stagnant  field,  fed 
by  streams  of  the  alpine  type.  Excepting  the  little  known  and 
inaccessible  Antarctic  area.  North  America  possesses,  in  Greenland, 
the  only  existing  "continental"  glacier. 

The  first  recorded  observation  of  glaciers  in  the  United  States 
was  made  by  members  of  the  Williamson  Expedition,  in  1855,  as 
Dr.  Newberry  stated,  in  writing  many  years  later,  that  some  of  his 
party  found  miniature  glaciers  at  the  heads  of  streams  iu  the  group 
of  Oregon  mountains  called  the  Three  Sisters  ;  but  no  description 
was  published.  In  1857  Lieut.  A.  V.  Kautz  reported  the  discovery 
of  a  living  glacier  on  Mt.  Rainier.  In  1868  E.  T.  Coleman  ex- 
plored Mt.  Balcer  and  published  in  the  following  year  a  description 
including  the  glaciers.  The  earliest  important  study  made  by 
trained  geologists  was  upon  the  glaciers  of  Mts.  Shasta.  Hood  and 
Rainier  in  1870,  by  Clarence  King,  S.  F.  Emmons  and  Arnold 
Hague. 

The  first  geologist  to  examine  the  Alaskan  glaciers  was  W.  P. 
Blake  in  1863,  his  account  being  printed  in  1867.  W.  H.  Dull 
and  Marcus  Baker  studied  the  glaciers  of  Yukutat  bay  in  1874 
and  named  the  famous  Malaspina  glacier.  Other  explorers  were 
John  Muir,  1878,  who  discovered  Glacier  bay  and  the  glacier  sub- 
sequently named  after  him ;  Dall,  the  second  visit,  in  1880 ;  C.  F. 
Wright  and  S.  P.  Baldwin  in  1886;  Lieut.  Schwatka  and  William 
Libbey  in  1886,  who  gave  many  names  to  the  glaciers  about  Ya- 
kutat  and  Icy  bays ;  H.  F.  Reid  and  H.  P.  Cushing  in  1890 ;  and 
I.  C.  Russell  in  1890  and  1891.  Professor  Russell  discriminated 
and  named  the  '*  piedmont"  type  of  glacier  in  1891,  from  his 
study  of  the  Malaspina.  The  Copper  rivei*  glaciers  were  noted  by 
Lieut.  FL  T.  Allen  in  1887,  and  were  seen  by  C.  W.  Hayes  and 
Lieut.  Schwatka  in  1891. 

The  Canadian  glaciers  were  first  explored  in  the  Selkirk  range 
by  Rev.  W.  S.  Green,  in  1888. 

The  Greenland  ice  foot  has  long  been  seen  by  voyagers,  and 
has  been  written  upon  since  1721 .  The  modern  study  began  with 
Nordenskiold's  first  exploration,  in  1870,  and  with  Helland's 
measurements  of  the  ice  movement  in  1875.     The  public  is  famil- 
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iar  with  the  venturesome  trips  on  the  Greenland  ice  cap  by  Lieuten- 
ant Peary  in  1886,  1892,  1894,  1895  and  the  trans-Greenland 
journey  of  Nansen  in  1886.  While  adding  something  to  glacial 
science,  the  work  of  these  and  other  explorere  was  more  particu- 
larly nlong  lines  of  geographic  and  meteorologic  science.  The 
close  geologic  study  only  began  with  the  work  of  Chamberlin  in 
1894.  This  work  has  been  carried  on  by  Wright,  1894;  Salis- 
bury, 1895  ;  Barton  and  Tarr,  1896. 

In  the  accumulating  literature  upon  tlie  living  glaciers  of  the 
continent  the  papers  by  H.  F.  Reid  and  I.  C  Russell,  relating  to 
the  physics  and  phenomena  of  Alaskan  gla^iiers,  deserve  special 
mention,  with  those  of  Professor  Chamberlin  descriptive  of  the 
structure  and  behavior  of  the  Greenland  ice.  Two  writings  of 
Profes-^or  Russell  of  a  general  or  descriptive  character,  bring 
down  to  date  a  summary  of  our  knowledge  of  the  glaciers  of  the 
continent ;  the  first  on  **  Existing  Glaciers  of  the  United  States," 
1881,  and  the  second  a  book  of  the  past  year,  entitled  "Glaciers 
of  North  America." 

Down  to  a  few  years  ago  our  knowledge  of  glacial  physics  was 
almost  entirely  derived  from  European  study.  However,  the  gla- 
ciers of  the  Alps  gave  but  small  or  unsatisfactory  help  toward  the 
explanation  of  some  of  the  most  important  phenomena  produced 
by  the  continental  ice  sheets,  for  example,  the  geneial  sheet  of 
till,  drumlins,  and  the  various  aqueo-glacial  deposits  as  eskers, 
kanies,  loess.  The  interpretations  were  largely  inferential.  More 
has  been  learned  of  the  structure,  behavior  and  work  of  our  an- 
cient ice  sheets  by  the  study  of  th6  Alaskan  glaciers  during  the 
last  ten  years,  and  especially  by  the  study  of  the  Greenland  ice 
cap  during  the  last  four  years,  than  by  all  the  study  of  the  Alpine 
glaciers  for  the  seventy  years  since  they  have  been  observed. 

The  North  American  continent  is  recognized  as  the  theatre  of 
the  greatest  display  of  glacial  activity,  not  in  the  past  only,  but 
also  in  the  present.  It  must  become  the  Mecca  of  the  foreign  gla- 
cialist.  Though  much  has  already  been  accomplished  the  work  in 
America  has  only  begun,  and  there  is  large  opportunity  for  future 
investigation. 

About  1850  the  Agassizian  hypothesis  became  the  glacial  theoiy. 
Now  the  glacial  geologists  understand  that  the  glacial  genesis  of 
the  "drift"  is  no  longer  a  theory  but  an  established  fact.  They  will 
do  well  to  cease  paying  the  deference  to  doubt,  implied  in  the  word 
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'Hheory,"  and  abandon  its  use  in  connection  with  the  casual  rela- 
tion of  the  glacial  phenomena.  The  glacial  drift  is  as  much  a 
scientific  fact  as  the  volcanic  cone  of  Vesuvius.  The  latter  is  seen 
in  process  of  construction  just  as  striae,  moraines,  etc.,  are  seen  in 
the  process  of  formation.  As  well  might  geologists  speak  of  the 
oceanic  theory  with  reference  to  rock  strata  as  longer  to  speak  of 
the  glacial  theory  with  reference  to  glacial  deposits. 
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OUTUNK  MAP  OP  THB  GbOLOOY  OF  SOUTHERN  NeW  ENGLAND.    By  Prof. 

B.  K.  Embkson,  Amherst,  Mass. 

This  paper,  with  maps,  gave  a  summary  of  the  areal  geology  of  Massa- 
chusetts, Rhode  Island,  Connecticut,  and  parts  of  New  Hampshire,  Ver- 
mont'and  New  York. 


Basins  in  GijiciAL  lake  deltas.    By  Prof.  H.  L.  Fairchild,  Rochester, 
N.  y. 

During  the  slacial  recession,  the  impounded  high  waters  of  the  Canan- 
daigua  valley,  in  central  New  York,  at  one  time  escaped  across  the  eastern 
border  of  the  basin  into  the  Flint  creek  valley,  which  was  also  occupied 
by  a  glacial  lake  at  a  lower  level.  The  river  thus  formed  cut  a  channel 
In  drift  and  rock  and  deposited  the  debris,  as  a  delta,  at  its  mouth  in  the 
lower  lake.  The  delta  now  forms  a  conspicuous  plateau  of  gravel  125 
feet  above  the  village  of  Potter. 

In  this  plateau  is  an  irregular  depression  which  reaches  to  the  very 
base  of  the  delta  deposit,  and  occupies  perhaps  one-fourth  of  the  area  of 
the  plateau.  The  only  satisfactory  explanation  of  its  origin  is  that  an 
isolated  block  of  ice  was  left  here  by  the  receding  ice-front,  and  that  the 
delta  material  was  piled  around  it,  the  subsequent  melting  of  the  block 
producing  the  cavity.  Elsewhere  shallow  basins  occurring  in  deltas  are 
in  many  cases  attributable  to  deficient  filling  by  capricious  currents  and 
wave  action;  but  such  bowls  cannot  be  confounded  with  the  Potter 
kettle-hole,  which  was  illustrated  by  a  map  and  photographs. 


An  exhibition  of  the  rare  gems  and  minerai;b  of  Mt.  Mica.    By  Dr. 
A.  C.  Hamlin,  Bangor,  Maine. 
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TiiK  Hudson  rivkr  lobk  of  ihk  Laurkntidk  ice-sheet.     By  Prof.  C.  H. 
Hitchcock,  Hanover,  N.  H. 

The  glacial  drift  and  strliE  of  Quebec,  New  England,  and  New  York, 
prove  the  existence  of  a  glacial  lobe  following  the  Champlaln-Hudson 
valley.  The  movement  was  to  the  southeast  over  the  summits  of  the 
White  and  Green  mountains  and  to  the  southwest  over  the  Adiron- 
dacks.  bat  due  south  along  the  medial  valley.  Last  October  the  author 
climbed  Orford  mountain,  which  rises  northwest  of  lake  Memphremagog 
to  an  altitude  of  about  5,000  feet  above  the  sen,  and  found  it  glaciated 
from  bottom  to  top,  wholly  In  a  southeasterly  course.  All  over  the  moun- 
tain were  found  boulders  of  Laurentlan  gneiss,  which  (according  to  their 
determination  by  Prof.  Frar.k  1).  Adams  of  Montreal)  must  have  come 
from  the  north  side  of  the  St.  Lawrence  river.  It  had  before  been  shown 
that  the  highest  mountains  of  New  Hampshire  and  Vermont  were  gla- 
ciated from  the  northwest,  but  doubt  had  been  lately  expressed  about 
Orford  mountain.  These  observations  prove  that  the  Laurentide  ice. 
sheet  overrode  all  these  mountains,  flowing  from  the  region  north  of 
Montreal  and  Quebec  southward  and  southeastward  to  the  sea  border. 


TlIK  AGE  OF  THE   AmBOT  CLAY  SEUIES   AS  INDICATED  BY   ITS  FLORA.      By 

Dr.  Arthur  Hollick,  Columbia  University,  New  York  City. 

Investigations  in  the  paleobotany  of  the  Amboy  Clay  series  of  New 
Jersey  and  the  equivalents  on  Staten  Island,  Long  Island,  Block  Island, 
and  Martha's  Vineyard,  conducted  during  the  past  twenty  years  by  the 
late  Dr.  J.  S.  Newberry,  Dr.  Lester  F.  Ward,  Mr.  David  White,  the 
writer,  and  others,  have  shown  that  the  formation  which  includes  them 
is  very  closely  related  to  the  Atane  and  I'atoot  beds  of  Greenland,  the 
Dakota  group  of  the  west,  the  Albirupean  series  of  ihe  south,  and  the 
Cenomanian  of  Europe,  so  that  there  was  no  hesitation  In  declaring  them 
all  to  be  Middle  Cretaceous  In  age.  'i'hls  conclusion  seemed  to  be  quite 
generally  accepted  and  was  apparently  not  questioned  until  about  two 
yeats  ago,  when  an  announcement  was  made,  with  some  show  of  author- 
ity, that  the  series  is  probably  Jurassic  in  age. 

In  regard  to  the  correlation  of  the  series  with  the  several  formations 
previously  mentioned,  there  can  be  no  question.  The  large  amount  of 
paleobotanlcal  material  available  for  comparison  has  given  opportunity 
for  the  identification  of  so  many  species  common  to  them  all,  that  this 
conclusion  Is  not  only  justifiable  but  inevitable;  and  the  only  question  is 
whether  this  correlation  also  demonstrates  that  the  several  formations  are 
Middle  Cretaccons  in  age.  If  any  one  of  them  is,  then  they  all  are;  if  any 
one  is  not,  then  the  others  are  not. 
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In  paleobotany,  as  in  paleozoology.  the  broad  general  facts  are  recog- 
nized that  the  biological  seqaence  is  coincident  with  the  geological  se- 
quence, and  that  the  further  back  in  geologic  time  the  simpler  and  lower 
in  the  scale  of  life  were  the  organisms.  Hence  if  we  divide  our  fossil 
flora  into  the  three  great  classes  of  cryptophytes,  gymnosperms  and  an- 
giosperms,  the  sequence  of  their  appearance  and  periods  of  maximum  de- 
velopment would  be  in  the  same  order.  The  percentages  of  these  classes 
in  any  floras  should  therefore  be  a  fair  indication  of  the  relative  ages  of 
the  floras.  A  typical  Jurassic  flora,  such  as  that  of  Siberia,  contains, 
roughly,  tlie  following  percentages  :  cryptophytes,  22 ;  gymnosperms,  7A ; 
and  antriosperms  (?),4.  The  Older  Potomac  flora,  which  is  regarded  as 
Lower  Cretaceous,  contains  the  same  classes  in  the  percentages  of  39,  89, 
and  22;  the  Newer  Potomac,  regaided  as  Middle  Cretaceous,  8,  18,  and 
79;  the  Amboy  clays,  considered  separately  from  the  latter,  6,  13,  and  81 ; 
the  Dakota  group,  1,  5,  and  94.  Similar  examples  of  percentages  may  also 
be  calculated  for  other  floras  regarded  as  of  Cretaceous  age.  The  main 
fact,  which  is  at  once  seen,  is  the  manner  in  which  the  percentages  of 
the  gymnosperms  and  an^iosperms  are  reversed.  Few  angiosperms,  and 
only  those  of  a  doubtful  character,  have  been  found  in  any  formation 
lecognized  as  Jurassic,  so  that  when  it  was  ascertained  that  in  the  Amboy 
Clay  flora  and  its  equivalents  the  angiosperms  represent  from  70  to  90  per 
cent  of  the  entire  flora,  there  was  little  hesitation  in  considering  it  as  well 
advanced  in  the  Cretaceous  period.  Tliere  would  be  nothing  Inconsistent 
in  regarding  the  lowest  of  the  Older  Potomac  strata  as  Jurassic,  but  even 
there  it  would  require  deflnlte  paleontologlc  evidence;  while  in  regard  to 
the  Amboy  Cbiy  series  it  is  safe  to  say  that  a  Jurassic  fauna  will  never  be 
found  in  connection  with  its  flora. 

In  face  of  the  direct  evidence  of  the  fossil  flora,  therefore,  it  would 
seem  a  very  hazardous  undertakins:,  without  ample  evidence  in  rebuttal, 
to  draw  the  line  of  separation  between  the  Jurassic  and  Cretaceous  so 
that  in  the  west  the  base  of  the  Cretaceous  would  be  represented  by  the 
Dakota  group  and  in  the  east  by  the  clay  marls  of  the  Mutawan  formation. 


Some  frldspaks  in    serpkntink,  southkaster-v    Pennsylvania.      By 
Prof.  T.  C.  Hopkins,  State  College,  Pa. 

The  paper  described  the  occurrence  of  some  large  feldspar  deposits,  of 
commercial  Importance,  in  terpentine  rocks  in  southern  and  central  Chester 
county.  Pa.  In  southern  Chester  county  the  feldspar  occurs  as  orthoclase, 
associated  with  some  muscovite,  a  very  little  biotite,  considerable  green 
hornblende  (?),  and,  along  the  contact  of  the  feldspar  and  the  serpentine, 
deposits  of  talc  and  green  chlorite.  There  is  no  quartz  and  no  pegmatite. 
In  the  central  Chester  county  area  tlie  feldspar  occurs  in  the  borders  of  a 
small  serpentine  area,  which  includes  corundum  mines,    llie  spar  appears 
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to  be  of  the  same  character  as  that  which  occurs  in  veins  in  the  mica 
schist  near  by.  A  small  quantity  of  pegmatite  was  observed  in  this  local- 
ity. The  associated  minerals  are  biotite  in  large  quantities,  muscovlte  in 
small  quantities,  chlorite,  and  a  little  quartz  and  tourmaline.  No  theory 
was  put  forward  to  account  for  the  presence  of  the  feldspar  veins  in  the 
serpentine,  pending  further  investigations  by  the  author. 


Thk  region  ok  the  caussks  in  southern  France.    By  Rev.  Horace  C. 
HovKY,  D.D.,  Newbury  port,  Mass. 

Lofty  tablelands  in  the  departments  of  Lot  and  Loz6re,  along  the  west- 
ern declivity  of  the  Cevennes  mountains,  are  known  as  the  Re^oii  of  the 
Gausses.  The  term  **  Cansse  "  is  derived  from  the  Latin  word  calx,  mean- 
ing limestone.  Some  of  the  finest  roads  in  Europe  run  along  the  plateaus, 
and  occasionally  descend  into  the  valleys.  But  the  author's  exploration, 
here  noted  and  illustrated  with  lantern  views  from  photographs,  led  by 
the  distinguished  cave-hunter,  E.  A.  Martel  of  Paris,  left  nil  beaten  paths 
at  the  village  of  St.  Enimie,  and  .in  canoes  followed  the  winding  gorges 
of  the  Tarn  for  forty  miles,  and  then  by  mules  or  In  carriages  examined 
the  gorges  of  the  Jont6  and  Dourbie.  The  Gausses  vary  in  height  from 
1,000  to  6,000  feet  above  the  sea,  and  these  gorges  are  cut  through  them 
somewhat  as  the  Grand  Ganyon  of  the  Golorado  cuts  through  the  plateaus 
of  Arizona.  The  cliffs  of  the  river  Tarn  nre  often  from  1,000  to  2,000 
feet  high,  and  occasionally  still  higher,  and  are  brilliantly  colored.  On 
arriving  at  the  Pas  de  Soucy,  the  Tarn  suddenly  sinks  amid  enormous 
rocks,  with  a  roaring  that  can  be  heard  for  miles.  Here  a  portage  was 
made,  as  also  around  some  of  the  waterralls. 

The  caverns  of  the  region  are  as  remarkable  ns  any  in  Europe.  There 
are  hundreds  of  them,  and  of  all  sizes.  Among  the  large  caverns  ex- 
plored by  this  party  may  be  mentioned  those  of  the  Baumes  Ghaudes. 
These  are  three  In  number.  From  one  of  them  the  late  Dr.  Prunl^res 
exhnmed  three  hundred  prehistoric  skeletons;  and  in  another  are  nine 
vertical  pits  from  40  to  127  feet  deep.  Another  cave  destined  to  become 
famous  is  that  of  Darjelan,  with  twenty  halls  from  66  to  600  feet  long, 
the  lowest  of  them  being  420  feet  deep.  The  author's  party  discovered 
and  explored  the  Aven  Armand,  down  whose  chasm  Louis  Armand  was 
the  first  to  go.  This  vertical  pit  is  240  feet  deep,  beyond  which  is  another 
800  feet  deep,  approached  by  a  steep  descent;  the  total  vertical  depth  be- 
ing 680  feet  by  actual  measurement.  The  descent  was  made  by  a  series  of 
rope  ladders,  and  was  not  without  its  dangers.  The  stalactltic  decoration 
of  these  caves  is  remarkably  fine. 

The  term  "aven"  is  applied  to  what  we  call  a  **8ink-hole,", only  the 
avens  seem  to  pass  more  abruptly  into  pits  or  chasms.  They  pierce  the 
Gausses  from  the  summit  to  the  drainage  level,  and  are  death-traps  for 
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aniroalSf  whose  remains  are  foand  below  in  various  stages  of  decomposi- 
tion, and  whose  bones  lie  imbedded  in  the  dripstone.  The  theory  is  that 
every  aven  has  a  passageway  to  the  rivers  of  the  region.  That  this  is 
often  so  is  proved  by  the  great  springs  at  the  base  of  the  cliffs  of  the 
Tarn ;  but  in  some  cases  the  passageways  trend  a'way  from  the  streams 
instead  of  toward  them,  and  often  they  are  dry^  showing  that  the  drain- 
age must  have  been  at  some  remotely  ancient  period. 

A  wagon  accompanying  this  exploration  carried  tools,  rope  ladders, 
tents,  canvas  boat"*,  and  stores  of  provisions,  and  was  hauled  along  the 
summit  of  the  plateaus  to  meet  the  party  when  they  climbed  up  from  the 
canyons.  The  need  of  such  varied  appliances  was  evident  on  coming  to 
explore  the  subterranean  halls  of  the  Bramabiau.  A  brook  called  the 
Bonheur  flows  from  Mount  Aigoual  and  l>ores  a  straight  tunnel  40  feet 
high,  60  feet  wide,  and  250  feet  long,  to  a  place  where  the  roof  has  fallen 
in,  thus  opening  a  funnel-shaped  way  to  the  surface;  but  the  brook 
flows  on  under  the  debris,  with  roaring  cascades  and  down  gurgling 
^ulfs,  through  which  M.  Martel  made  his  way  for  2.600  feet,  emerging 
safely  at  the  outlet,  where  the  stream  makes  a  plunge  of  thirty-seven  feet, 
in  a  gorge  800  feet  deep.  It  was  estimated  that  in  all  its  ramiflcations  the 
Bramabiau  has  about  four  miles  of  subterranean  passageways. 

Besides  cave  explorations,  the  party  visited  an  extraordinary  rock-city 
called  Montpellier  le  Vleux,  at  the  junction  of  the  Jont^  and  the  Dourble 
formed  by  the  weathering  of  the  Causse  Noir.  It  has  streets,  fortifica- 
tions, temples  and  palaces,  more  curious  than  the  formations  in  the  Gar- 
den of  the  Gods  or  Monument  Park.  It  covers  in  all  about  2,000  acres. 
The  dolomite  of  the  Causse  Nolr  is  of  unequal  hardness,  causing  this 
peculiar  work  of  erosion. 

Should  it  be  asked  why  the  wonderful  region  of  the  Gausses  has  so 
long  escaped  exploration  amid  a  country  of  high  antiquity,  the  answer 
is  that  these  lofty  plateaus  are  barren  solitudes,  except  for  the  chaUts 
of  wandering  shepherds.  The  gorge**  and  avens  have  been  objects  of 
dread,  instead  of  places  attracting  visitors.  The  superstitions  of  the 
peasants  have  also  operated  to  make  them  shun  what  tourists  now  delight 
to  explore.  Under  the  stimulus  of  the  Soci6t6  de  Sp616ologte,  the  region 
is  being  opened  to  the  public;  and  it  is  destined  to  be  resorted  to  by 
thousands  of  tourists  when  its  interesting  features  become  more  widely 
known. 


Thb  Washington  limbstonb  in  Vermont.    By  Dr.  C.  H.  Kiciiardson, 
Hanover,  N.  H. 

This  name  is  proposed  by  the  author  for  the  more  calcareous  member 
of  the  Calclferous  mica  schist  of  Prof.  C.  H.  Hitchcock,  which  in  Wash- 
ington, Vt.,  is  sufficiently  pure  and  compact  to  be  catalogued  as  a  crystal- 
like marble  of  great  economic  value.  The  non-calcareous  member  of  the 
early  Calclferous  mica  schist  the  author  designates  as  the  Bradford  schist, 
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because  in  Bradford,  Vt.,  this  foliated  mica  scliist  predomiuates,  It  is 
the  material  of  Wright's  mountain  in  Bradford  and  Newbury.  In  Mass- 
achusetts the  calcareous  member  is  known  as  the  Conway  schist,  and  the 
non-calcareous  as  the  Goshen  schist  of  Prof.  B.  K.  Emerson. 

Since  1895  the  author  has  mapped  the  line  of  separation  between  these 
teiTHues  through  Vermont,  finding  the  Bradford  schist  flanked  on  the  east 
by  a  band  of  clay  slate  and  on  ilie  west  by  the  Washington  limestone, 
which  in  tuin  is  flanked  on  the  west  by  a  band  Of  clay  slate.  The  two 
bands  of  slate,  the  Bradford  schist,  ami  the  Washington  limestone,  lie 
unconformiibly  both  on  the  east  and  west  in  a  synclinal  trough  of  the  hy- 
dromica  schist,  which  is  Huronian.  There  is  also  a  strikin;^  nonconform- 
ity between  the  planes  of  deposition  and  the  flssility,  in  both  the  clay 
slates  and  the  Bradford  schist,  and  these  features  have  been  distinctly 
photographed  in  several  instances. 

The  eastern  member  of  the  slate  was  formerly  supposed  to  terminate 
suddenly  in  North  Thetf ord ;  but  it  is  now  traced  continuously  through 
Fairlee  into  Bradford,  where  it  has  been  wholly  eroded ;  but  in  the  north- 
em  part  of  the  township  and  in  Newbury  it  reappears. 

The  Washington  limestone  is  in  general  a  dark  gray  silicious  rock.  The 
coloring  matter,  widely  disseminated,  is  uncombined  carbon.  In  the  south- 
ern and  western  portions  the  limestone  is  darker  and  contains  many  beds 
of  plumbaginous  mica  schist.  In  Topsham  it  closely  resembles  the  Co- 
lumbian marble  of  Rutland,  Vt.  In  Washington  and  Topsham  more  than 
twenty  quarries  have  been  opened  since  the  discovery  of  the  marble  Ave 
years  ago.  The  rock  is  susceptible  of  a  higher  polish  and  capable  of  being 
cut  to  a  finer  edge  than  any  other  marble  known  to  the  author;  and  the 
polished  letter  stands  out  in  such  bold  relief,  with  the  white  hammered 
background,  that  it  is  legible  at  a  greater  distance  than  the  inscription 
upon  any  granite. 

Its  chemical  analysis  revealed  the  presence  of  a  remarkably  large  num- 
ber of  elements,  as  follows:  SIO,.,  35.748  per  cent.;  TiO«,  .189;  C0«, 
22.870;  Fe^Oa,  .010;  AljOg,  6.112;  FeO,  .941 ;  GIO,  .316;  MnO,  .076; 
BaO,  .210;  CaO,  27.304;  MgO.  3.244;  Na«0.  .187;  K^O,  .064;  Ll^O,  .824; 
HjO,  .107;  PjjOs,  1.359;  CI,  .307;  F,  .026;  C,  microscopical  trace ;  total. 
99.892 :  less  O  =  CI  and  F.  .079 ;  final  result,  99.813. 

This  limestone  extends  through  the  entire  length  of  the  state  and  varies 
from  2,000  to  5,875  feet  in  thickness.  It  is  no  longer  replete  with  fossils; 
but  a  few  crinoidal  stems  are  found  in  it  at  Derby,  Vt.,  and  many  much 
larger  at  Wait's  River.  The  most  abundant  paleontological  evidence  is  in 
the  Canadian  territory,  at  Willard's  Mills,  Castle  Brook,  Magog,  in  Quebec, 
where  many  species  of  graptolites  occur  in  slates  that  are  probably  of  the 
same  formation  as  the  roofing  slates  of  Montpelier  and  Northfleld,  Vt. 

According  to  this  evidence,  the  clay  slates,  which  have  long  been  re- 
garded as  Cambrian,  must  be  Lower  Silurian ;  and  the  Bradford  schist 
and  Washington  limestone,  which  have  oscillated  from  the  **  Primitive** 
of  Zadock  Thompson  to  the  Niagara  of  Professor  Dana,  are  Lower  Si- 
lurian, and,  more  definitely.  Lower  Trenton. 
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Fluctuations  of  North  Amkkican  glaciation  8Hown  by  intkrglacial 

80IL8  AND  yO88ILIFKH0U8   DKP08IT8.      By    WaKHEN   UPHAM,    St.    Paul, 

Minu. 

From  a  comparison  of  oar  continental  drift  deposits  with  the  present 
retreatal  conditions  of  the  piedmont  Malasplna.  glacier  in  Alaska,  it  is 
concladed  that  the  flora  and  fauna  adjacent  to  the  retiring  Ice-sheet  were 
nearly  like  those  of  the  same  latitude  to-day,  and  that  fluctuations  of  the 
ice  border  to  the  extent  of  a  few  miles,  a  few  score  or  u  few  hundred 
miles,  at  different  stages  of  the  Ice  age,  due  to  moderate  secular  climatic 
changes,  more  acceptably  account  for  our  Interglaclal  beds,  former  sur- 
face soils,  nnd  leached  subsoils,  than  a  general  departure  and  renewal  of 
the  Ice  sheet. 

No  more  surprise  need  be  occasioned  by  the  occurrence  of  remains  of 
warm  temperate  floras  and  faunas  In  these  beds  than  we  must  feel  in  see- 
ing tropical  and  temperate  plants  and  animals  at  the  foot  of  the  Hima- 
layas and  the  Alps.  These  extensive  mountain  ranges,  fri&ld  and  largely 
snow-covered,  doubtless  exert  as  much  Influence  on  the  climate  of  the 
contiguous  valleys  and  lowlands  as  could  be  dne  to  the  waning  Ice-sheets 
of  North  America  and  Europe,  when  the  Early  Glacial  high  continental 
altitude  was  succeeded  by  the  Laie  Glacial  or  Champlaln  depression  of 
these  great  areas  somewhat  below  their  present  level.  The  Ice-sheet  of 
each  of  these  continents,  In  lis  time  of  retreat,  being  wasted  by  a  warm 
climnte  at  Its  edge,  probably  rose  to  an  altitude  of  6,000  feet  above  the 
land  within  100  or  200  miles  back  from  the  Ice  border,  which,  therefore, 
might  considerably  readvance  during  any  series  of  exceptionally  cool  years, 
with  plentiful  snowfall. 


TiMK  OF  EROSION  OF  THE  UPPER  MISSISSIPPI,  MINNESOTA,  AND  St.  CROIX 

VALLEYS.    By  Warren  Upham,  St.  Paul,  Minn. 

Until  the  Oznrkian  epoch  of  great  elevation  of  the  northern  part  of 
this  continent,  inaugurating  the  Quaternary  era,  the  upper  part  of  the 
present  Mississippi  basin,  above  the  vicinity  of  Dubuque,  appears  to  have 
have  been  drained  northerly,  iiccordlng  to  recent  studies  by  Hershey  (Am. 
Geologist,  vol.  xx,  pp.  246-268,  Oct.,  1897).  After  the  Cretaceous  marine 
submergence  of  the  state  of  Minnesota.  Its  chief  river  system  probably 
flowed  through  the  Red  river  valley  to  Undson  bay  during  the  Tertiary 
era,  being  reversed  to  take  nearly  the  course  of  the  Minnesota  and  Missis- 
sippi rivers  at  the  end  of  that  era.  The  St.  Croix  river  Is  thought  by 
the  author  to  have  obtained  its  passage  through  the  rock  gorge  of  the 
Dalles  at  Taylor's  Fall^,  Minn.,  so  late  as  the  Buchannn  Interglaclal  epoch, 
preceding  the  Illinolan  and  lowan  glacial  readvance ;  and  the  channel  of 
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the  Mississippi  from  Minneapolis  to  Fort  SnelUus:,  eroded  during  the 
Postglacial  period,  has  afforded  to  Prof.  N.  H.  Wlnchell  his  well-known 
estimate  of  that  period  as  between  7,000  and  10,000  years. 


Supposed  •' corduroy  road"  of  latb  glacial  age,  at  Amboy,  Ohio. 
By  Prof.  G.  Frbdrrick  Wright,  Oberlin,  Ohio. 

This  paper  details  the  discovery  of  a  series  of  logs  lyinar  side  by  side  as 
in  a  corduroy  rod,  and  extending  for  a  distance  of  two  hundred  feet  or 
more,  which  were  covered  by  thirty  feet  of  gravel,  in  which  were  found 
the  tooth  and  tusk  of  a  mammoth,  the  tusk  being  ten  feet  long,  twenty- 
two  Inches  in  circumference  at  the  base,  and  weighing  one  hundred  and 
flfty-flve  pounds.  The  resemblHUce  to  a  corduroy  road  was  indeed  very 
striking;  but  the  appearance  of  the  logs  showed  that  they  were  driftwood, 
and  had  been  buried  by  the  accumulation  of  the  gravel  that  took  place 
along  the  old  short*  of  lake  Erie,  when,  during  the  closing  centuries  of 
the  glacial  period,  the  water  was  held  up  to  a  level  1^0  feet  higher  than 
now.  The  logs  an«l  base  of  the  deposit  are  140  feet  above  the  lake  and 
about  four  miles  back  from  it,  on  the  banks  of  Conneaut  creek.  In  the 
extreme  northeastern  corner  of  Ohio.  The  gravel  was  evidently  brought 
down  from  the  higher  land  to  the  south,  near  the  sources  of  the  creek, 
and  was  deposited  with  the  mammoth  remains  in  a  delta  at  the  edge  of 
this  old  glacial  lake. 

In  connection  with  this  investigation,  it  was  ascertained  that  simi- 
lar deltas  of  gravel  cliaracterize  the  margin  of  the  old  lake  where  other 
streams  from  the  sonth  met  it  at  various  places  between  this  point  and 
Cleveland.  Altogether  these  observations  give  a  very  vivid  picture  of 
the  rapidity  with  which  coniferous  forests  proceeded  to  cover  northern 
Ohio  as  the  ice  melted  back,  and  of  the  promptness  with  which  the  Im- 
mense animals  of  the  time  redccupled  the  territory.  Important  infer- 
ences are  also  derived,  showing  that  the  period  of  time  during  which  the 
water  remained  at  the  high  levels  of  the  old  ice-dammed  lakes  was  short. 


ClIANGKS   IN   THK   DRAINAGE   SYSTKM   IN  THK   VICINITY   OK    LAKK    ONTARIO 

DURING  THK  GLACIAL  PERIOD.     By  Dr.  M.  A.  Vkeder,  Lyous,  N.  Y. 

The  paper  noted  sections  of  wells  in  buried  river  channels  south  of 
lake  Ontario,  from  tho  Niagara  rlvtsr  eastward  to  the  Mohawk  valley . 
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RKCBNT   8EVFJUE  SKISMIC  MOVEMENTS    IN     NICARAGUA.      By    JOHN    CRAW- 
FORD, Managua,  Nicaragua. 

Description  of  a  series  of  earthquakes  in  western  Nicaragua  on  April 
29  to  May  12,  1898,  as  reported  by  the  author  In  the  July  number  of  the 
American  Geologist  (vol.  xxii,  pp.  56-58). 


Another  episodk  in  the    history   of   Niagara   river.    By   J.   W. 
Sprncbk,  Washington,  D.  C. 

This  paper  is  a  sequel  to  one  read  before  the  American  Association 
four  years  ago  on  the  duration  of  Niagara  falls.  It  Hnnonnces  tlie  dis- 
covery that  while  the  falls  were  receding  from  Foster's  flats  to  the  lo- 
cality or  tlie  railway  bridges,  tlie  fall  of  the  river  reached  its  maximum 
amount  of  420  feet  by  the  retreat  of  the  Ontario  waters  toward  the 
north ;  and  that,  during  the  later  part  of  this  recession  of  the  falls,  past 
the  Whirlpool  rapids,  the  return  to  the  present  amount  of  326  feet  de- 
scent was  interrupted  by  the  rising  of  the  level  of  the  lake  in  the  gorge 
to  a  height  of  75  feet  above  Its  present  level,  thus  reducing  the  actual 
fall  of  the  river  to  250  feet.  The  evidence  of  this  is  preserved  in  the 
remains  of  a  terrace  deposit  opposite  the  foot  of  Foster's  flats  and  a  cor- 
responding terrace  just  outside  the  mouth  of  the  gorge:  and  these  ter- 
races, witi)  other  parts  of  the  shore  line  in  the  Ontario  basin  which 
marks  the  rise  of  the  waters  so  as  to  flood  the  Niagara  gor^e,  are  here 
named  the  Niagara  strand. 

The  rising  of  the  waters  was  occasioned  by  the  lifting  of  the  barrier 
at  the  outlet  of  Lake  Ontario  to  an  elevation  100  feet  higher  than  now. 
By  the  subsequent  erosion  of  this  barrier,  which  was  partly  composed  of 
drift,  the  actual  fall  of  the  Niagara  waters  has  been  Increased  to  its 
present  figure. 

The  reduction  in  the  descent  of  the  river  is  found  to  be  sufllclent  to  ac- 
count for  the  shallowness  of  the  channel  at  the  Whirlpool  rapids.  The 
narrowness  of  this  section  is  explained  by  the  fact  that  the  youthful  Ni- 
agara took  possession  of  a  small  preglacial  valley  there,  giving  greater 
depth  to  the  river.  It  is  further  probable  that  the  volume  of  the  river 
was  less  at  that  time,  since  It  Is  supposed  that  a  portion  of  the  outflow  of 
the  Great  Lakes  passed  to  the  Mississippi. 


The  agk  op  Niagara  falls  as  indicated  by  the  erosion  at  the 
mouth  of  the  gorge.  By  Prof.  G.  Fubdkrick  Wright,  Oberllu, 
Ohio. 

The  late  Dr.  James  Hall  early  noted  the  significant  fact  that  **  the  outlet 
of  the  chasm  below  Niagara  falls  Is  scarcely  wider  than  eUewhere  along 
its  course."  Clearly  this  is  important  evidence  of  the  late  date  of  its  origin, 
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and  it  has  been  used  by  the  author  and  others  in  support  of  the  short  es- 
timates which  have  been  made  concerning  the  length  of  time  separating 
us  from  the  Glacial  period.  A  close  examination  made  by  the  author  this 
summer  greatly  strengthens  the  force  of  the  argument,  since  he  found 
that  the  disintegrating  forces  tending  to  enlarge  the  outlet  and  to  give  it 
a  V-shape  are  more  rapid  than  has  been  supposed  while  the  actual  enlarge- 
ment at  the  top  was  found  by  careful  measurement  to  be  only  388  feet  on 
each  side,  i.  e.  the  top  of  tlie  gorge  is  now  only  776  feet  wider  than  the 
bottom. 

The  depth  of  the  gorge  at  the  outlet,  from  the  top  of  the  Niagara  lime- 
stone to  the  river,  is  340  feet.  The  thickness  of  that  formation  of  lime- 
stone at  the  surface  is  here,  however,  only  about  40  feet;  while  the  soft 
Niagara  shales  underlying  it  are  60  to  75  feet  thick.  Below  there  is  a 
stratum  of  Clinton  limestone  30  feet  in  tliickness,  and  below  that  a  shaly 
deposit  of  70  feet.  'I'he  Niagara  shales  at  this  point  have  never  been  cov- 
ered by  talus;  so  that  they  have  always  been  accessible  to  disintegration 
by  atmospheric  agencies. 

Somewhat  over  forty  years  ago,  a  railroad  was  built  along  the  face  of 
the  eastern  side  of  the  gorge,  affording  an  opportunity  to  observe  the  rate 
of  the  disintegration.  All  along  where  a  perpendicular  exposure  was  made, 
the  shale  has  crumbled  away  to  an  extent  of  several  fiet,  and  in  some 
places  to  twenty  feet.  A  conservative  estimate  of  the  rate  of  disintegra- 
tion for  the  70  feet  of  Niagara  shales  supporting  the  Niagara  limestone 
would  be  one  quarter  of  inch  a  year,  with  a  probable  rate  of  one-half 
inch  a  year.  But  at  the  lowest  estimate  no  more  than  10,000  years  would 
be  required  for  the  enlargement  of  the  upper  part  of  the  mouth  of  the 
gorge  388  feet  on  each  side,  which  is  very  largely  in  excess  of  the  actual 
amount  of  enlargement.  Some  of  the  recent  estimates,  therefore,  which 
would  make  the  gorge  from  30,000  to  40,000  years  old,  are  evidently  ex- 
travagant, and  must  incorporate  some  error  in  their  premises;  The  age 
of  the  gorge  cannot  be  much  more  than  10,000  years,  and  is  probably, 
considerably  less. 


A   RKCRNTLY   DISCOVERED  CAVE  OF    CELE8TITK  CRYSTALS   AT    PUT-IN-BaY, 

Ohio.    By  Prof.  G.  Frederick  Wright. 

The  principal  locality  in  America  from  which  mnseums  have  been  sup- 
plied with  specimens  of  celestlte  (sulphate  of  strontium)  is  Strontium 
island,  two  or  three  miles  from  Putin-Bay  island.  In  the  western  end  of 
lake  Erie.  Just  as  this  supply  was  becoming  exhausted,  a  remarkable 
fissure  was  discovered  last  winter  on  Put-in-Bay  island  which  is  completely 
surrounded  with  very  large  crystals  of  this  beautiful  mineral.  The  fissure 
was  penetrated  in  digging  a  well  seventeen  feet  below  the  surface,  and  is 
large  enough  to  permit  the  entrance  of  ten  or  twelve  people  at  a  time.  It 
is  not  an  ordinary  cavern,  but  apparently  is  the  interior  of  an  immense 
**  geode  "  lined  with  celestite  crystals  The  geological  formation  in  which 
it  occurs  is  the  Waterlime  of  the  Lower  Helderberg  Large  deposits  of 
gypsum  occur  In  the  vicinity. 
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Geography  and  krsources  of  thk  Sibruian  island  of  Sakhalin.    By 
Prof.  Benjamin  Howard,  London,  England. 

Sakhalin  has  a  lengjjh  of  about  670  miles,  and  a  breadth  of  20  to  150 
miles.  The  features  which  the  author  observed  during  his  visits  to  tiiis 
island  in  1890  and  1806,  as  here  described,  are  (1)  the  absence  of  natural 
harbors  and  reliable  ancliorages  around  its  entire  1,500  miles  of  coast, 
and  the  reasons  for  it ;  (2)  the  contrast  which  this  island,  having  no  vol- 
canoes, exhibits  as  compared  with  the  volcanic  chain  of  the  whole  Jap- 
anese group  and  its  continuation  in  the  volcanoes  of  Kamtchatka;  (3) 
the  contradiction  which  this  island,  possessing  an  almost  subarctic  climate, 
affords  to  the  popular  belief  that  latitude  is  the  dominant  factor  in  the  de- 
termination of  climates;  (4)  its  mineral  resources,  especially  coal  and 
iron ;  (6)  the  immensity  and  density  of  tlie  fish  shoals  in  the  neighboring 
waters;  (6)  the  absence  of  navigable  rivers;  (7)  the  persistence  of  una- 
dulterated life  and  manners  in  the  aboriginal  Ainos  there,  as  when  de- 
scribed nearly  three  thousand  years  ago  by  the  oldest  Japanese  historian ; 
(8)  the  vast  numbers  of  medusae  (jelly-fish)  along  the  southern  coast,  and 
the  marvelous  phosphorescence  of  the  sea  as  observed  by  the  author ;  (9) 
the  strategic  value  of  the  island  to  Russia;  (10)  the  completeness  of  its 
adaptation  to  its  present  use  as  a  penal  stronghold;  (il)  the  present  de- 
velopment of  its  agricultural  and  mineral  resources,  and  Its  prospective 
self  maintenance  chiefly  from  its  future  fishing  industries;  and  (12)  the 
expediency  of  maintaining  the  spelling  Sakhalin,  as  here  used. 


Evidence  of*recknt  great  elevation  of  New  England.    By  J.  W. 
Spencer,  Washington,  D.  C. 

The  paper  is  a  description  of  the  valley  terraces  in  mountainous  parts 
of  New  England,  illustrated  by  sections  showing  that  the  declivities  of 
the  valleys  are  not  by  even  slopes  but  by  a  succession  of  steps,  the 
plains  of  which  become  terraces  farther  down  the  valley.  These  steps 
are  regarded  as  gradation  plains  in  the  changes  of  the  base  level  of  ero- 
sion, and  many  of  the  corresponding  terraces  are  hundreds  of  feet  above 
the  floors  of  the  valleys.  From  these  features  it  is  inferred  that  the  re- 
cent rise  of  the  mountainous  region  can  be  approximately  measured  by 
the  sum  of  the  heights  of  the  steps.  Yet  it  is  not  inferred  that  the  ele- 
vation need  to  have  been  from  below  the  sea  level ;  and  consequently  the 
gravels  are  not  claimed  to  have  been  necessarily  of  marine  origin. 


The  OLDitsT  paleozoic  fauna.    By  G.  F.  Matthew,  St.   John,  N.  B. 

This  fauna  Is  contained  in  a  series  of  beds  unconformably  underlying 
the  Cambrian  system  in  eastern  Canada  and  Newfoundland.     The  base 
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of  the  Cambrian  in  tlie  former  country  Is  marlced  by  a  barren  sandstone, 
and  in  the  latter  by  conglomerates.  Erosion  of  the  lower  terrace  con- 
tinned  up  to  and  included  the  time  of  the  Paradoxides  fauna.  The  rela- 
tion of  these  two  terraces  is  comparable  to  that  of  the  Upper  and  Lower 
Silurian  in  New  York  or  the  Carboniferous  and  Subcarboniferous  in 
eastern  Canada. 

The  fauna  known  consists  of  about  twenty  species.  It  contains  no 
trllobites  either  in  eastern  Canada  or  Newfoundland.  Various  forms  of 
the  family  Hyolithidae  are  the  dominant  types.  Other  gastropods  allied 
to  Capulus  and  Platyceras  occur;  also  bracbiopods;  remains  of  echino- 
derms  (cystlds  ?)  and  corals  allied  to  Archaeocyathus  and  Dictyocyathus. 
The  thin  limestones  which  occur  in  the  upper  half  of  the  terrane  are  sup- 
posed to  originate  chiefly  from  foraminifera  (Globigerina,  etc.  ?). 


Thk  oldest  known  rock.     By  Prof.   N.  H.    Winchkll,   Minneapolis, 
Minn. 

Aftku  allusion  to  the  vague  ideas  formerly  entertained  of  the  rocks 
now  Included  under  the  term  Archean,  and  still  surviving  in  some  places, 
this  paper,  by  a  general  diagram,  presents  the  Archean  as  recently  made 
out  by  the  Geological  Survey  of  Minnesota  With  a  brief  description  of 
the  other  members  of  the  Archean  series,  the  author  more  particularly 
described  the  so-called  greenstones  of  this  state,  which  he  considers  the 
bottom  of  the  Archean  scale  and  the  representative  of  the  original  crust 
of  the  earth  formed  from  the  molten  mass  by  the  earliest  consolidation. 
The  greenstones  are  divisible  into  two  parts,  one  igneous  hnd  the  other 
clastic,  the  latter  sncceeding  the  former  with  a  confused  and  apparently 
sometimes  non-conformable  superposition,  somewhat  as  surface  eruptive 
rocks  might  be  superposed,  in  the  presence  of  oceanic  action,  upon  a  mas- 
sive of  the  same  nature  at  the  same  place.  The  clastic  portions  of  the 
greenstones  vary  to  more  sillcious  rocks,  constituting  great  thicknesses 
of  gray wackes,  phyllites,  and  conglomerates,  and  as  such  have  been  con- 
verted by  widespread  metamorphism  into  mica  schists  and  gneisses,  the 
alteration  coming  on  by  degrees,  increasing  in  intensity  toward  centers 
of  granitic  intrusion,  and  toward  the  great  areas  of  granite  and  igneous 
gneiss 

Such  granite,  and  such  metamorphic  rock's,  as  a  whole,  have  been  con- 
sidered the  basement  rock,  the  oldest  known  rocks  of  the  country.  But, 
following  up  the  long-known  fact  that  the  Laurentian  granite  and  igneous 
gneisses  cut  the  schists  and  sedimentary  gneisses  and  hence  are  younger, 
they  are  in  the  same  way  shown  to  be  younger  also  than  the  bottom 
geeenstones.  They  occasionally  penetrate  these  greenstones  and  chan<;e 
them  to  amphibolyte  and  pyroxene  gneiss.  These  metamorphic  schists 
and  gneisses  seem  to  be  a  representative  of  the  sedimentary  portion  of 
the  Lower  Laurentian  of  Canada,  while  the  igneous  granite  and  gneisses 
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are  as  plainly  a  general  parallel  of  the  igneous  portion  of  that  series.  It 
follows  therefore,  that  the  Canadian  Laurentian  is,  as  a  whole,  of  later 
date  than  the  greenstones,  if  the  succession  is  the  same  as  in  the  North- 
west, and  that  the  greenstones  should  be  considered  the  bottom  rock  of 
the  geological  scale. 


Thk  origin  of  the  Archean  igneous  rocks.    By  Prof.  N.  H.  Winchkll. 

Thk  author  discusses  the  greenstones  and  the  granites,  these  being  the 
extremes  of  differentiation,  or  at  least  of  difference,  in  the  igneous  rocks. 
Other  rocks,  of  intermediate  characters,  when  plainly  of  intrusive  na- 
ture, are  considered  to  be  due  to  a  variable  mingling  of  the  elements  of 
the  ferro-roagnesian  and  the  alkaline  magmas. 

The  greenstones,  which  were  discussed  in  the  preceding  paper,  are 
supposed  to  represent  the  primeval  crust  of  the  earth.  The  author 
denies  the  possibility  of  the  derivation  of  the  alkaline  magma  from  these 
ferro-magneslan  rocks  by  any  of  the  methods  of  lixiviation  or  of  differ- 
entiation which  are  currently  proposed  by  geologists  who  have  lately  dis- 
cussed the  origin  of  the  Igneous  rocks.  Accepting  this  ferro-magneslan 
crust>as  the  rock  of  the  first  magma  of  the  earth,  the  author  shows  that 
it  could  not  give  rise  to  minerals  consisting  largely  of  a  pota.«(h  base, 
such  as  orthoclase  and  microcline,  which  constitute  the  greatest  distin- 
guishing element  In  the  alkaline  magma.  Neither  could  It  give  rise  to  the 
prepondei-ating  percentage  of  silica  which  accompanies  the  potash  min- 
erals.   These  characters  therefore  must  have  some  other  source. 

Field  evidence  and  petrographlc  discriminations  and  associations  were 
presented,  which  go  to  show  that  the  alkaline  magma  is  the  result  of 
aqueo-igneous  fusion  of  the  fragmentals  of  the  Archean  itself ;  that  when 
deeply  hurled,  under  heat  and  pressure,  the  Archean  elastics  were  ren- 
dered plastic,  penetrating  openings  In  tlie  adjacent  and  superadjacent 
strata ;  and  that  when  the  plastic  mass  was  not  moved  from  Its  place  It 
was  simply  recrystalllzed  in  situ.  While  numerous  Instances  of  such 
transition  from  clastic  to  Igneous  rock  have  been  noted  In  Minnesota, 
there  has  been  a  careful  study  of  but  one.  That  was  In  the  case  of  the 
granite, and  porphyry  which  Intrude  on  the  elastics  at  Kekequahlc  lake. 

The  potash  Is  believed  to  have  existed  in  the  ocean  itselt  which  Imme- 
diately followed  the  consolidation  of  the  first  crust.  Such  an  alkaline 
ocean,  especially  if  heated,  would  hold  In  solution  much  silica.  Hence 
followed  the  precipitation  cf  alkaline  silicates,  and  of  excess  of  silica; 
hence  also  the  alkaline  character  of  the  schists  and  gneisses  when  Its 
sediments  were  formed  Into  rock  and  metamorphosed ;  and  hence,  when 
fused,  the  alkaline  magma. 

As  to  the  cause  of  this  potasslc  ocean,  by  which  the  great  stock  of  the 
world's  potash  was  stored  In  the  Archean  rocks,  the  author  docs  not  at- 
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tempt  any  explanation,  further  than  to  suggest  that  possibly,  owing  to 
the  chemical  characteristics  of  potassium,  It  remained  In  the  earth^s  at- 
mosphere until  the  consolidation  and  also  the  cooling  of  the  first  crust 
sufficiently  to  allow  the  ocean  to  rest  upon  it,  and  that  It  was  then  rapidly 
extracted  by  the  moist,  heavy  atmosphere  which  prevailed,  being  carried 
into  the  sea. 


JdiNTs  IN  ROCKS.    By  Prof.  C.  R.  Van  Hisk.  Madison,  Wis. 


Notes  on  somk  Euuopkan  museums.     By  Dr.  E.  0.  Hovkv,  American 
Museum  of  Natural  History,  New  York  City. 

Relating  to  administration  and  methods  of  display. 
[Published  in  the  American  Naturalist,  September,  1898.] 


History  ok  the  Blue  Hills  complex.     By  Prof.  W.  O.  Crosby,  Boston, 
Mass. 

The  complex  of  the  Blue  Hills,  on  the  southern  border  of  the  Boston 
basin,  is  a  small  part  of  the  great  granitic  bathoUte  of  eastern  Massa- 
chusetts, Inclosing  Isolated  masses  and  belts  of  Lower  and  Middle  Cam- 
brian strata.  The  Cambrian  beds  are  cut  by. a  series  of  diabase  dikes 
older  than  the  granites.  The  granitic  series,  which  clearly  constitutes  one 
genetically  related  or  consanguineous  group,  comprises : 

I.  Plutonic  rocks:  I.  Normal  granites,  forming  the  main  body  of  the 
bathollte ;  (a)  blotltlc  normal  granite  (granltite)  ;  (6)  hornblendic  normal 
granite.  2.  Rocks  forming  the  contact  zone  of  the  bathollte:  (a)  dlorlte 
and  basic  granite (granodiorlte)  ;  (6)  fine  granite;  (c)  quartz  porphyry, 
passing  Into  a  basic,  qnartzless  porphyry. 

II.  Intrusive  or  dike  rocks  not  occurring  as  apophyses  of  the  contact 
zone;  (a)  microgranite;  (6)  aporhyollte. 

III.  Efl^islve  or  volcanic  rocks :  {a)  aporhyollte  (compact  and  fluldal 
forms). 

The  Cambrian  sediments  were  first  strongly  folded  and  injected  by  the 
pre-granitic  diabase;  and  quite  certainly  not  later  than  the  earlier  De- 
vonian epochs  they  were  invaded  by  the  great  body  of  magma  from  which 
the  granitic  series  was  developed.  No  trace  of  the  floor  upon  which  the 
Cambrian  strata  were  deposited  has  been  discovered  in  the  region  of 
the  Blue  Hills  complex.  It  Is  believed  that  the  granitic  magma  was,  in  the 
main,  developed  in  situ  by  a  great  heat  invasion  or  rising  of  the  isogeo- 
therms  inaugurated  by  deep  sedimentation  and  greatly  stimulated  or  ac- 
celerated by  the  thickening  of  the  supercrust  by  extreme  plication  and 
flowage  and  the  transformation  of  mechanical  energy  Into  heat.     This 
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heat  Invasion  was  sufficient  to  induce  aqneo-igneous  fusion  in  the  lower 
portion  of  the  hydrated  zone,  whereby  the  pre-Cambrian  rocks  and  a  con- 
siderable volume  of  the  overlying  Cambrian  sediments  were  absorbed  by 
the  Plutonic  magma.  During  the  slow  refrigeration  of  the  batholite  and 
consolidation  of  the  magma,  it  experienced  both  chemical  and  textural 
diflferentiations ;  but  the  chemical  differentiation,  whether  of  the  main  body 
of  the  batholite  or  its  contact  zone,  was  practically  limited  to  the  greatest 
depths  and  dependent  upon  a  convectional  circulation  of  the  magma,  in 
accordance  with  Becker's  theory  of  fractional  crystallization.  In  con- 
formity with  this  view,  the  contact  zone  Is  composed,  at  successively 
greater  original  depths,  of  quartz  porphyry,  fine  granite,  granodioritc, 
and  diorite,  each  of  these  contact  types  passing  gradually  downward 
Into  the  normal  granite.  After  long  continued  erosion  had  In  large  part 
removed  the  sedimentary  cover  of  the  batholite,  crustal  adjustment  per- 
mitted the  extrusion  of  a  part  of  the  deep-seated  and  relatively  acid  mag- 
ma residuum,  forming  Intrusive  masses  or  dikes  of  mlcrogranlte  and 
aporhyolite,  and  eflfVislve  masses  or  surface  flows  of  compact  and  fluldal 
forms  of  aporhyolite  (felslte). 

This  general  theory  of  the  complex  closely  parallels,  at  most  points, 
that  proposed  by  Dr.  A.  C.  Lawson  for  the  complex  of  sedimentary  and 
granitic  rocks  In  the  Rainy  Lake  region,  as  the  following  paraphrase  of 
the  part  of  his  summary  most  germane  to  the  present  purpose  will  show : 
Whatever  may  have  been  the  more  remote  history  of  the  granitic  rocks 
of  this  region,  it  appears  clear  that  the  magma  from  which  they  crystal- 
lized as  dlorlte,  granite,  etc.,  was  Immediately  or  proximately  produced 
by  the  fusion  of  the  basement  or  floor  upon  which  the  Cambrian  strata 
were  originally  deposited.  With  the  fusion  of  this  floor  It  seems  probable 
that  portions  of  the  superincumbent  strata  have  also  been  absorbetl  Into 
the  general  magma  and  reappeared  on  crystallization  as  granite,  etc.  This 
fusion,  however,  only  extended  up  to  a  certain  uneven  surface,  which  now 
constitutes  the  demarcation  between  the  granitic  series  and  the  Cambrian. 
Above  tills  surface  or  upper  limit  of  fusion,  the  Cambrian  formations  re- 
tained their  stratiform  or  bedded  disposition  and  rested  as  a  crust  of  hard 
and  brittle  rocks  upon  the  magma,  subject  to  Its  metamorphic  Influences. 
There  is  abundant  evidence  that  while  resting  upon  this  plastic  magma  the 
crust  was  violently  disturbed,  folded,  crumpled,  and  In  places  shattered. 
This  disturbance  probably  served  to  accentuate  the  sharpness  of  the  line 
of  demarcation  between  the  fused  and  unfused  rocks.  (Geol.  Snrv.  Can- 
ada, Ann.  Report,  new  series,  vol.  m,  1887-88,  F,  139-142.) 


Paleontology  op  thk  Cambiuan  tbrranes  of  the  Boston  basin.    By 
Amadeus  W.  Grabau,  Boston,  Mass. 

The  Lower  Cambrian  rocks  are  found  to  contain  fossils  at  Nahant,  Mill 
Cove,  Rowley,  Topsfleld,  and  Jeflfreys*  Ledge.  The  last  three  localities 
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were  disccivered  by  Mr.  J.  H.  Si*ars,  who  was  also  the  first  discoverer  of 
fossils  at  Nahant  (1887).  From  collections  made  by  Mr.  Sears  at  Nahant 
seven  species  have  been  identified,  including  four  of  Hyollthes.  The  fos- 
sils detected  in  the  roclis  of  the  other  localities  consist  of  indeterminate 
sections  of  HyoUtlies,  and  a  cross-section  of  a  trllobite  from  Mill  Cove. 
From  pebbles  and  boulders  found  at  Nahant  and  Cohasset  by  Mr.  T.  A. 
Watson,  a  large  number  of  Lower  Cambrlato  fossils  have  been  obtalmd 
representing  fifteen  species. 

The  Middle  Cambrian  of  Hay  ward's  creek,  South  Bralntree,  contains 
the  large  Paradoxides  harlani,  Agraulus  quadrangular  is,  and  several  other 
forms.  The  Upper  Cambrian  is  represented  in  this  district  only  by  er- 
ratics containing  Llngula  and  Scolltlius. 


Diamonds  in  metkoritks.    By  Mrs.  E.  M.  Souvikllb,  Jacksonville,  Fla. 


Thk  periodic  variations  of  qlacibrs.    By  Prof.  Harry  F.  Keid,  Bal- 
timore, Md. 

Discussion  of  the  causes  and  conditions  producing  periodic  recessions 
and  readvances  of  glaciers.  The  records  for  Europe,  Asia  and  Green- 
land In  1896,  and  for  the  United  States  In  1897,  denote  a  general  retreat, 
excepting  a  slight  tendency  of  advance  In  Greenland,  as  reported  by  the 
author  In  the  Journal  of  Geology  for  July  and  August,  1898  (vol.  vi, 
pp.  473-476). 


Note  on  tiik  occurrence  of  tourmalines  in  California.    By  C.  R. 
Orcutt,  San  Diego,  Cal. 

Near  San  Diego  an  enormous  bed  or  vein  of  lepldolite  (llthla  mica)  con- 
tains rubelllte  (pink  tourmaline)  In  large  amounts.  As  a  source  of  lithia 
and  potash  this  deposit  must  soon  take  first  rank  commercially.  It  Is 
now  being  worked  as  an  open  quarry,  and  1,600,000  tons  of  lepldolite  are 
estimated  to  be  available,  Its  width  where  best  exposed  being  sixty  feet  or 
more.  Much  of  the  rubellite  has  been  distributed  to  museums.  Tourma- 
lines of  gem  quality  were  first  found  during  the  present  year,  being  all 
of  the  red  variety.  Black  tourmalines  are  frequent,  but  green  tourma 
lines  occur  only  sparingly,  at  this  locality. 
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Th«  AOASSIZ  OBOLOOICAL  EXPLOKATION8  IS  THB  WbST  InDIBS.      By  ROB- 
ERT T.  Hill,  Washington,  D.  C. 

TiiiH  paper  gave  a  brief  oatline  of  the  explorations  which  the  anthor 
has  made  in  the  West  Indies  daring  the  last  few  years,  under  the  patron- 
age of  Prof.  Alexander  Agassiz,  in  connection  with  the  researches  which 
Professor  Agassiz  has  personally  carried  on  In  studyini;  the  greater  prob- 
lems III  the  geology  and  zodlogy  of  the  Americ:in  tropical  regions.  The 
geologic  formations,  configuration,  orogeny,  and  fossil  faunas  of  the 
West  Indies  are  so  entirely  dlflferent  from  those  of  the  northern  United 
States  and  Canada,  wiih  which  they  are  to  be  correlated,  that  many  years 
must  be  devoted  to  observations  and  studies  before  final  results  can  be 
presented  on  the  remarkable  geologic  history  of  the  region  and  Its  rela- 
tions to  contiiieiitai  development. 
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ADDRKSS 

BY 

ALPHEUS  S.  PACKARD, 

VICK  PRK8IDKNT,   AND    CHAIRMAN    OF   SKCTION  F. 


A  HALF-CENTURY  OF EVOLUTIOy.  WITH  SPECIAL  REFEU- 

ENCE  TO  THE  EFFECTS  OF  GEOLOGICAL  CHANGES 

ON  ANIMAL  LIFE, 


Only  a  little  less  than  fifty  years  have  passed  since  the  publica- 
tion of  Darwin's  Origin  of  Species,  and  the  general  acceptance  by 
naturalists  of  the  theory  of  descent.  Since  1848  the  sciences  of 
embryology,  cytology,  and  comparative  anatomy  based  on  embry- 
ology, or,  as  it  is  now  called,  morphology,  have  been  placed  on  a 
firm  foundation,  it  is  but  little  over  half  a  century  since  the  uni- 
formitarian  views  of  Lyell  were  promulgated.  The  cell  doctrine 
was  born  in  1 839  ;  the  view  that  protoplasm  forms  the  basis  of  life 
was  generally  received  forty  years  since ;  fifty  years  ago  the  doc- 
trine of  the  consei'vation  of  forces  was  worked  out,  and  already 
by  this  time  had  the  idea  of  the  unity  of  nature  dominated  the 
world  of  science. 

On  the  fiftieth  anniversary,  therefore,  of  our  Association,  it  may 
not  be  out  of  place,  during  the  hour  before  us,  first,  briefly  to  in- 
quire into  the  present  state  of  evolution  and  its  usefulness  to  zool- 
ogists as  a  working  theory,  and  then  to  dwell  more  at  length  on  the 
subject  of  the  effect  of  geological  changes  on  animal  life. 

The  two  leading  problems  which  confront  us  as  zoologists  are  : 
What  is  life?  and  Ilow  did  living  beings  originate?  We  must 
leave  to  coming  centuries  the  solution  of  the  first  question,  if  it 
can  ever  be  solved ;  but  we  can,  as  regards  the  second,  congratu- 
late ourselves  that,  thanks  to  Lamarck,  Darwin,  and  others,  in  our 
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day  and  generation,  a  reasonable  and  generally  accepted  solution 
has  been  reached. 

Time  will  not  allow  us  to  attempt  to  review  the  discoveries  and 
opinions  which  have  already  been  discussed  by  the  founders  and 
leaders  of  the  different  schools  of  evolutionary  thought,  and  which 
have  become  the  common  property  of  biologists,  and  are  rapidly 
permeating  the  world's  literature. 

It  may  be  observed  at  the  outset  that,  if  there  is  any  single 
feature  which  differentiates  the  second  from  the  first  half  of  this 
century,  it  is  the  general  acceptance  of  the  truth  of  epigenetic  evo- 
lution as  opposed  to  the  preformation  or  incasement  theory,  which 
lingered  on  and  survived  until  a  late  date  in  the  first  half  of  the 
present  century.^  The  establishment  of  the  epigenetic  view  is 
largely  due  to  exact  investigation  and  modem  methods  of  research, 
but  more  especially  to  the  results  of  modem  embryology  and  to 
the  fairly  well  digested  facts  we  now  have  relating  to  the  develop- 
ment of  one  or  more  types  of  each  class  of  the  animal  kingdom. 

To  use  a  curi'ent  phrase  the  evolution  theory  as  now  held  has 
come  to  stay.     It  is  the  one  indispensable  instrument  on  which  the 

»  The  theory  of  Inc^genicnt  (emboUment) ,  propounded  by  Swammerdam  in  1783,  was 
that  the  form  of  the  larva,  pupa  and  imago  of  the  insects  preexisted  in  the  egg,  and 
even  in  the  ovary ;  and  that  the  insects  in  these  stages  were  distinct  animals  contained 
one  inside  the  other,  like  a  pest  of  boxes,  or  a  series  of  envelopes  one  within  the 
other;  or,  in  his  own  words :  ** Animal  in  animaii,  seu  papilio  ititra  erucam  recondihut.** 
lUauniur  (1734)  also  believed  that  the  caterpillar  contained  the  form  of  the  chrysalis 
and  butterfly,  saying:  '*  Les  parties  dcs  papillon  cjich^es  sous  le  fourreau  de  chen- 
ille  sont  d'autant  plus  faciles  k  trouver  que  la  transformation  est  plus  proche.  Elles  y 
sont  neanmoins  de  tout  temps."  He  also  believed  in  the  simultaneous  existence  of 
two  distinct  beings  in  the  insect.  "Tl  serait  tr^s  corieux  de  connaltrc  toutes  les 
communications  intlmes  qui  sont  entre  la  chenille  et  le  papillon.  ...  La  chenille 
hache,  broye,  digere  les  aliments  qu'elle  distribu^au  papillon ;  comme  les  m^res  pr^- 
parent  ceux  qui  sont  port^s  aux  fcetus.  Notre  chenille  en  nn  mot  est  destined  k 
nourrlr  et  k  defendre  le  papillon  qu'elle  renferme."    (Tome  i,  8e  M^molre,  p.  868.) 

It  was  not  until  1815  that  Herold  exploded  this  error,  though  Kirby  and  Spencc  in 
1828,  In  their  Introduction  to  Entomology,  combated  Herold's  views  and  maintained 
that  Swammerdam  was  right.  As  late  as  1884,  a  century  after  Swammerdam,  Lacord- 
aire  In  his  Introduction  k  I'Entomologie,  declared  that  •*  a  caterpillar  is  not  a  simple 
animal,  but  compound,"  and  he  actually  goes  so  far  as  to  say  that  **  a  caterpillar,  at 
first  scarcely  as  large  as  a  bit  of  thread,  contains  its  own  teguments  threefold  and 
even  eightfold  in  number,  besides  the  case  of  a  chrysalis,  and  a  complete  butterfly, 
all  lying  one  inside  the  other."  This  view,  however,  we  And  Is  not  original  with 
Lacordaire,  but  was  borrowed  from  Kirby  and  Spence  without  acknowledgment. 
These  authors.  In  their  Introduction  to  Entomology  (1828),  combated  Herold's  views 
and  stoutly  maintained  the  old  opinions  of  Swammerdam.  They  based  their  opinions 
on  the  fact,  then  known,  that  certain  parts  of  the  Imago  occur  In  the  caterpillar.  On 
the  other  hand,  Herold  denied  that  the  suox^essive  skins  of  the  pupa  and  imago  existed 
as  germs,  holding  that  they  are  formed  suc-ccsslveiy  from  the  "  rete  mucosum,"  which 
we  suppose  to  be  the  hypodermis  of  later  authors.  In  a  slight  degree  the  Swam- 
merdam-Klrby  and  Spence  doctrine  was  correct,  as  the  imago  doea  arise  from  germs. 
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biologist  must  rely  in  doing  his  work.  Ft  is  now  almost  an  axio- 
matic truth  that  evolution  is  the  leaven  which  has  leavened  the 
whole  lump  of  human  intellectual  activity.  It  is  not  too  much  to 
claim  that  evolutionary  views,  the  study  of  origins,  of  the  begin- 
ning of  organic  life,  the  genesis  of  mental  phenomena,  of  social 
institutions,  of  the  cultural  stages  of  different  peoples  and  of  their 
art,  philosophy  and  religion,  —  that  this  method  of  natural  science 
has  transformed  and  illuminated  the  philosophy  of  the  present 
half-cent  ury.i 

It  is  naturally  a  matter  of  satisfaction  and  pride  to  us  as  zool- 
ogists that,  though  evolution  has  been  in  the  air  from  the  days  of 
the  Greek  philosophers  down  to  the  time  of  Lamarck,  the  modern 
views  as  to  the  origin  of  variations,  of  adaptation,  of  the  struggle 
for  existence,  of  competition,  and  the  preservation  of  favored  or- 
gans or  species  by  selection  are  the  products  of  single  minded  zool- 
ogists like  Darwin,  Wallace,  Fritz  Miiller,  Semper,  and  Haeckel. 
1 1  is  the  work  of  these  men,  supplemented  by  the  labors  of  Spencer 
and  of  Huxley,  and  the  powerful  influence  of  the  botanists,  Hooker 
and  Gray,  all  of  whom  contributed  their  life-long  toil  and  efforts 

(.  e.  the  imaj^nal  disks  of  Weisinann,  while  this  was  notdiscovered  by  Herold, though 
thoy  do  at  the  oatset  arise  from  the  hypodermis,  his  rete  mucosum.  Thus  there  was  a 
grain  of  truth  in  the  SwammerdamKirby  and  Spence  doctrine,  and  also  a  mixture  of 
truth  and  error  in  the  opinions  of  Herold. 

The  discovery  by  Welsraann  of  the  imaginal  discs  or  buds  of  the  imago  In  the  mag- 
got of  the  fly,  and  his  theory  of  histolysis,  or  of  the  more  or  less  complete  destruction 
of  the  larval  organs  by  a  gradual  process,  and  his  observation  of  the  process  of 
building  up  of  the  body  of  the  imago  from  the  previously  latent  larval  buds,  was  one 
of  the  triumphs  of  modern  biology.  It  is  therefore  not  a  little  strange  to  see  hln^  at 
the  present  day  advocating  a  return  to  the  preformation  views  of  the  last  century  in 
tlie  matter  of  heredity.  Of  course  It  goes  without  saying,  as  has  always  been  recog- 
nized, that  there  is  something  in  the  constitution  of  one  egg  which  predestines  its 
becoming  an  insect,  and  in  that  of  another  which  destines  it  to  produce  a  chick. 

>  It  is  worthy  of  mention  that  just  fifty  years  ago  In  his  Future  of  Science,  written 
in  1848,  at  the  age  of  25,  Renan,  who  first  among  philosophers  and  students  of  com- 
parative philology  adopted  the  scientific  method,  ».  «.,  the  patient  Investigation  of 
as  wide  a  range  of  facts  as  possible,  wrote  —  »•  I  am  convinced,  that  there  is  a 
science  of  the  origins  of  mankind  and  that  it  will  be  constructed  one  day,  not  by  ab- 
stract speculation  but  by  scientific  researches.  What  human  life  in  the  actual  condi- 
tion of  science  would  sufllce  to  explore  all  the  sides  of  this  single  problem?  And 
still,  how  can  It  be  resolved  without  the  scientific  study  of  the  positive  data?  And  if 
it  be  not  resolved  how  can  we  say  that  we  know  man  and  mankind?  He  who  would 
contribute  to  the  solution  of  this  problem,  even  by  a  very  imperfect  essay,  would^do 
more  for  philosophy  than  by  half  a  century  of  metaphysical  meditation.*'  p.  IHO. 
Again  he  says :  "  The  great  progress  of  modern  thought  has  been  the  substitution  of 
the  category  of  evolution  for  the  category  of  the  •  being;*  of  the  conception  of  the 
relative  for  the  conception  of  the  absolute,  of  movement  for  immobility.  Formerly 
everything  was  considered  as  '  being '  (an  accomplished  fact) ;  people  spoke  of  law, 
of  religion,  of  politics,  of  poetry  in  an  absolute  fashion.  At  present  everything  is 
considered  as  In  the  process  of  formation."    p.  169. 
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in  laying  the  foundation  stones  of  the  theory,  which  has  brought 
about  its  general  acceptance  among  thinking  men.  It  is  these 
naturalists,  some  of  them  happily  still  living,  who  have  worked 
out  the  principle  of  evolution  from  the  generalized  to  the  special- 
ized, from  the  simple  to  the  complex,  from  chaos  to  cosmos. 

The  doctrine  of  evolution  has  been  firmly  established  on  a 
scientific  basis  by  many  workers  in  all  departments  of  biology,  and 
found  not  only  to  withstand  criticism  from  every  quarter,  but  to 
be  an  indispensable  tool  for  the  investigator.  The  strongest  proof 
of  its  genuine  value  as  a  working  theory  is  that  it  has,  under  the 
light  shed  by  it,  opened  up  many  an  avenue  of  inquiry  leading  into 
new  fields  of  research.  It  is  based  on  the  inductive  method,  the 
observation  and  arrangement  of  a  wide  series  of  facts.  Moreover 
it  explains  a  vast  complex  of  facts,  and  enables  us  to  make  pre- 
dictions, the  true  test  of  a  scientific  theory.  Biology  is  not  an  exact 
science,  hence  the  theory  is  not  capable  of  demonstration  like  a 
problem  in  mathematics,  but  is  based  on  probabilities,  the  circum- 
stantial evidence  being  apparently  convincing  to  every  candid,  well 
trained  mind. 

The  methods  and  results  of  natural  science,  based  as  they  now 
are  on  evolutional  grounds,  have,  likewise,  appealed  to  the  histo- 
rian, the  philologist,  the  sociologist,  and  the  student  of  compara- 
tive religion,  whose  labors  begin  with  investigations  into  the 
origins. 

It  goes  without  saying  that,  thanks  to  the  initiative  of  the  above 
named  zoologists,  every  department  of  intellectual  work  and 
thought  has  boen  rejuvenated  and  rehabilitated  by  the  employ- 
ment of  the  modem  scientific  method.  All  inquiring  minds  appre- 
ciate the  fact  that,  throughout  the  whole  realm  of  nature,  inorganic 
as  well  as  organic,  physical,  mental,  moral  an<l  spiritual,  there 
was  once  a  beginning,  and  that  from  a  germ,  by  a  gradual  process 
of  differentiation  or  specialization,  the  complex  fabric  of  creation 
has,  by  the  operation  of  natural  laws  and  forces,  been  brought 
into  being.  All  progress  is  dependent  on  this  evolutionary  princi- 
ple, which  involves  variation,  adaptation,  the  disuse  or  rejection  of 
the  unfit,  the  use  or  survival  of  the  fittest,  together  with  the 
mechanical  principle  of  the  utmost  economy  of  material. 

Though  the  human  mind  has  its  limitations,  and  the  chief  argu- 
ments for  evolution  have  been  drawn  from  our  observations  of  the 
history  of  our  own  planet,  and  of  the  life  existing  upon  it,  the 
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nebnlar  hypothesis  teaches  us  that  the  same  process  has  deter- 
mmed  the  origin  of  other  worlds  than  ours  and  applies  in  fact  to 
all  the  other  members  of  our  solar  system,  while  with  little  doubt 
the  principle  may  be  extended  to  the  entire  universe. 

At  all  events  evolutionary  modes  of  thinking  have  now  become 
a  second  nature  with  philosophic,  synthetic  minds,  and  to  such  any 
other  view  is  inconceivable.  We  teach  evolution  in  our  colleges 
and  universities,  and  the  time  is  rapidly  approaching,  and  in  some 
instances  has  already  come,  when  nature- studies,  and  the  facts  of 
biology  forming  the  grounds  of  the  evolutionary  idea,  will  be  taught 
in  our  primary  and  secondary  schools. 

The  rapidity  with  which  evolutionary  conceptions  have  taken 
root  and  spread  may  be  compared  to  the  rankness  of  growth  of  a 
prepotent  plant  or  animal  on  being  introduced  into  a  new  territory 
where  it  is  free  from  competition.  It  has  indeed  swept  everything 
before  it,  occupying  a  field  of  thought  which  hitherto  had  been 
unworked  by  human  intelligence. 

The  immediate  effect  and  a  very  happy  one,  of  the  acceptance 
of  the  theory  of  descent  on  working  zoologists,  is  to  broaden  their 
minds.  Collectors  of  insects  and  shells  or  of  birds  and  mammals, 
instead  of  being  content  simply  to  acquire  specimens  for  their 
cabinets,  are  led  to  look  during  their  field  excursions  for  examples 
of  protective  mimicry,  or  to  notice  facts  bearing  on  the  immediate 
cause  of  variation.  Instead  of  a  single  pair  of  specimens,  it  is 
now  realized  that  hundreds  and  even  thousands  collected  from 
stations  and  habitats  wide  apart  are  none  too  many  for  the  study 
of  variation  as  now  pursued. 

The  race  of  "  species-grinders  "  is  diminishing,  and  the  study  of 
geographical  distribution,  based  as  it  is  on  past  geological  changes 
and  extinctions,  is  now  discussed  in  a  far  more  philosophical  way 
than  in  the  past.  The  most  special  results  of  work  in  cytology 
and  morphology  are  now  affording  material  for  broad  work  in 
phylogeny  and  heredity. 

On  the  other  hand  it  must  be  confessed  that,  as  the  result  of  the 
acceptance  of  evolutionary  views,  our  literature  is  at  times  flooded 
with  more  or  less  unsound  hypotheses,  some  tedious  verbiage  and 
long-winded,  aerial  discussions,  based  rather  on  assumptions  than 
on  facts.  But  on  the  whole,  perhaps,  this  is  a  healthy  sign.  Too 
free,  exuberant  growths  will  be  in  the  long  run  lopped  off  by  crit- 
icism. 
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One  tenuency  should  be  avoided  by  younger  students,  that  of 
too  early  specialization,  and  of  empirical  work  without  a  broad 
survey  of  the  whole  field.  In  some  cases  our  histologists  and 
morphologists  rise  little  above  the  intellectual  level  of  species-de- 
scribers.  Expert  in  the  use  of  the  microtome  and  of  reagents, 
they  appear  to  have  but  little  more  general  scientific  or  literary 
culture  than  high  class  mechanics.  The  chief  antidote,  however, 
to  the  danger  of  narrowness  is  the  lessons  derived  from  evolu- 
tionary thought  and  principles. 

Finally,  as  a  proof  of  the  value  of  evolutionary  ideas  to  the 
present  generation,  let  us  suppose  for  a  moment,  if  it  were  con- 
ceivable, that  they  should  be  blotted  out.  The  result,  it  is  safe  to 
say,  would  be  equivalent  to  the  loss  of  a  sense. 

it  is  a  matter  of  history  that  when  a  new  idea  or  principle  or  a 
new  movement  in  philosophy  or  religion  arises,  it  at  first  develops 
along  the  line  of  least  resistance ;  the  leaders  of  the  new  thought 
acquire  many  followers  or  disciples.  Soon  the  latter  outstrip  their 
teachers,  and  go  to  greater  extremes ;  modifications  of  the  origi- 
nal simple  condition  or  theory  occur,  and  as  the  final  result  there 
ari^ne  schisms  and  diflferentiations  into  new  sects.  This  has  hap- 
pened in  science,  and  already  we  have  evolutionists  divided  into 
Lamarck ians  and  Darwinians,  with  a  further  subdivision  of  them 
into  Ncolamaickians  and  Neodarwinians,  while  the  latter  are 
often  denominated  Weismannians.  Some  prefer  to  rely  on  the 
action  of  the  primary  factors  of  evolution,  others  believe  that 
Natural  Selection  embraces  all  the  necessary  factors,  while  still 
others  are  thoroughly  persuaded  of  its  inadequacy. 

The  result  of  this  analytical  or  differentiating  process  will  prob- 
ably be  an  ultimate  synthesis,  a  belief  that  there  is  a  complex  of 
factors  at  work.  Of  these  factors  those  originally  indicated  by 
Lamarck,  with  the  supplementary  ones  of  competition  and  natural 
selection  bequeathed  by  Darwin,  are  the.  most  essential  and  indis- 
pensable, and  it  is  difficult  to  see  how  they  can  be  displaced  by  other 
views.  Meanwhile  all  ogree  and  it  was  never  more  firmly  estab- 
lished thnn  at  this  moment,  that  there  are  and  always  have  been  un- 
ceasing energy, movement,  and  variation,  a  wonderful  adaptation  and 
harmony  in  nature,  between  living  beings  and  their  surroundings* 

The  present  status  of  evolution  in  its  different  phases  or  atti- 
tudes since  the  time  of  the  appearance  of  Darwin's  Origin  of 
Species  may  be  roughly  pointed  out  as  follows  :  — 
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1.  The  claim  by  some  thinkers  of  the  inadequacy  of  Darwin- 
ism, as  such,  or  Natural  Selection,  to  account  for  the  rise  of  new 
species,  and  the  assignment  of  this  factor  to  what  they  believe  to 
be  its  proper  place  among  the  other  factors  of  organic  evolution. 

2.  The  renascence  of  Lamarckism  under  the  name  of  Neola- 
marckism,  being  Lamarckism  in  its  modem  form.  This  school 
relies  on  the  primary  factors  of  evolution,  on  changes  in  the  en- 
vironment, such  as  the  agency  of  the  air,  light,  heat,  cold,  changes 
in  climate,  use  and  disuse,  isolation,  and  pai*asitism,  while  it  re- 
gards natui-aly  sexual,  physiological,  germinal  and  organic  selec- 
tion, competition  or  its  absence,  and  the  inheritance  of  characters 
acquired  during  the  lifetime  of  the  individual,  as  secondary  fac- 
tors, calling  into  question  the  adequacy  of  natural  selection  as  an 
initial  factor. 

3.  The  rise  of  the  Neodarwinian  scliool.  While  Darwin,  soon 
after  the  publication  of  the  Origin  of  Species,  somewhat  changed 
his  views  as  to  the  adequacy  of  natural  selection,  and  favored 
changes  in  the  surroundings,  food,  etc.,  as  causes  of  variation, 
his  successors,  Wallace,  Weismann,  and  others  believe  in  the  ''  all- 
suflBciency"  of  natural  selection.  Weismann  also  involves  pan- 
mixia, or  the  absence  of  natural  selection,  as  an  important  factor ; 
also  ainixia,  and  denies  the  principle  of  inheritance  of  acquired 
characters,  or  use- inheritance. 

4.  A  third  school  or  sect  has  arisen  under  the  leadership  of 
Weismann,  who  advocates  what  \h  in  its  essence  apparently  a  re- 
vival of  the  exploded  preformation,  encasement,  or  ''evolntion" 
theory  of  Swammerdan,  Bonnet  and  Haller,  as  opposed  to  the 
epigenetic  evolutionism  of  Harvey,  Wolff,  Baer  and  the  majority 
of  modem  embryologists.  On  the  other  hand,  there  are  some  em- 
bryologists  who  appear  to  accept  the  combined  action  of  epigen- 
esis  and  evolution  in  development. 

5.  Attention  has  been  concentrated  on  the  study  of  variations 
and  of  their  cause.  Opinion  is  divided  as  to  whether  variation  is 
fortuitous  or  definite  and  determined.  Many  now  take  exception 
to  the  view,  originally  held  by  Darwin,  that  variations  are  pur- 
poseless and  fortuitous,  believing  that  they  are,  for  example,  de- 
pendent on  changes  in  the  environment  wliich  were  determined  in 
early  geological  periods.  For  definite  variation  Eiraer  proposes 
the  term  orthogenesis.  Minute  variations  dependent  on  climatic 
and  other  obscure  and  not  readily   appreciable   causes   are   now 
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brought  out  clearly  by  a  system  of  varied  and  careful  quantitative 
measurements. 

6.  More  attention  than  formerly  is  given  to  the  study  of 
dynamical  evolution,  or  kinetogenesis ;  to  the  effect  of  external 
stimuli,  such  as  intermittent  pressure,  mechanical  stresses  and  ten- 
sions by  the  muscles,  etc.,  on  hard  parts.  Originally  suggested  by 
Herbert  Spenci^r,  that  the  ultimate  cause  or  mechanical  genesis  of 
the  segmentation  of  the  vertebrate  skeleton  was  due  to  tran^vei-se 
strains,  the  segmentation  of  the  bodies  of  worms  and  arthropods, 
as  well  as  of  vertebrates,  has  been  discussed  by  recent  workers 
(Rider,  Cope,  Meyer,  Tornier,  Hirsch.  and  others).  Here  should 
be  mentioned  the  work  done  in  general  physiology,  or  morpho- 
genesis, hy  Verworn,  Davenport  and  others.  Also  the  discoveries 
of  Pasteur,  and  the  application  by  Metschnikoff  and  of  Kowalev- 
sky  of  phagocytosis  to  the  destruction  and  renewal  of  tissues  dur- 
ing metamorphosis,  bear  closely  on  evolutional  problems. 

7.  A  new  field  of  research  founded  by  Semper,  Vilmorin,  and 
Plateau,  and  carried  on  by  DeVarigny,  is  that  of  experimental 
evolution,  involving  the  effects  of  artificial  changes  of  the  medium, 
including  temperature,  food,  variation  in  the  volume  of  water  and 
of  air,  absence  of  exercise,  movement,  etc.  Also  should  be  added 
horticultural  experiments  which  have  been  practised  for  many 
years,  as  well  as  the  results  of  acclimatization. 

Here  should  be  mentioned  the  experiments  bearing  on  the  me- 
chanics of  development  (Kntwickelungsmechanik  der  organismen), 
or  experimental  embryology,  of  Oscar  Hertwig,  Roux,  Driesch, 
Morgan  and  others,  and  the  curious  results  o£  animal  grafting  and 
of  mutilations  of  the  embryos,  obtained  by  Born  and  others,  as 
well  as  the  regeneration  of  parts.  The  remarkable  facts  of  adapta- 
tion to  new  and  unfavorable  conditions  of  certain  einbryos  are  as 
yet  unexplained,  and  have  led  to  considerable  discussion  and  re- 
search. 

8.  The  a  priori  speculations  of  Darwin,  Galton,  Spencer,  Jae- 
ger, Nusbaum,  Weismann  and  others,  based  on  the  results  of  the 
labors  of  morphologists  and  cytologists,  have  laid  the  foundation 
for  a  theory  of  the  physical  basis  of  heredity,  and  foi  the  supposi- 
tion that  the  chromatine  in  the  nucleus  of  reproductive  cells  is  the 
bearer  of  heredity.  The  theory  has  already  led  to  prolonged  dis- 
cussions and  opened  up  new  lines  of  work  in  cytology  and 
embryology. 
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9.  The  subject  of  instinct,  discussed  from  an  evolutional  point 
of  view,  both  by  morphologists  and  psychologists,  particularly  by 
Lloyd  Morgan,  has  come  to  the  front,  while  mental  evolution  has 
been  discussed  by  Romanes  and  others. 

With  all  these  theories  before  us,  these  currents  and  counter-cur- 
rents in  evolutional  thought  bearing  us  rapidly  along,  at  times  per- 
haps carrying  us  somewhat  out  of  our  depth,  the  conclusion  of  the 
whole  matter  is  that  in  the  present  state  of  zoology  it  will  be  wise 
lo  suspend  our  judgment  on  many  theoretical  matters,  to  wait  for 
more  light  and  to  confine  our  attention  meanwhile  to  the  observation 
and  registration  of  facts,  to  careful  experiments,  and  to  repeated 
tests  of  mere  theoretical  assumptions. 

Meanwhile  we  may  congratulate  ourselves  that  we  have  been 
bom  and  permitted  to  labor  in  this  nineteenth  century,  the  century 
which  in  zoological  science  has  given  us  the  best  years  of  Lamarck's 
life,  a  Cuvier,  a  Darwin,  a  Von  Baer,  an  Owen,  an  Agassiz,  a 
Haeckel,  a  Spencer,  and  a  Huxley  —  the  founders  of  modern 
zoology  —  who  have  sketched  out  the  grander  features  of  our 
science  so  completely,  that  it  will  perhaps,  be  the  work  of  many 
coming  years  to  fill  in  the  details. 


0B0L06ICAL    CAUSES    OP   VARIATION    AND    OF    TH£    EXTINCTION    AND 
RENEWAL   OF   SPECIES. 

The  most  immediate  and  efficient  cause  of  variation  appears  to 
be  changes  of  environment  or  of  the  physical  conditions  of  exist- 
ence. These,  besides  the  agencies  of  gravity,  electricity,  of  the 
atmosphere,  light,  heat,  cold,  food,  et<;.,  comprise  geological 
changes  or  revolutions  in  the  topography  of  the  earth's  surface  at 
different  periods.  The  latter  causes  appear  to  have  had  much  to 
do  with  the  process  of  extinction  and  renewal  of  plants  and  ani- 
mals. 

While  the  doctrine  of  the  effect  on  animals  of  a  change  of  en- 
vironment was  suggested  very  early  in  this  century  and  forms  the 
corner-stone  of  Lamarci<ism,  Wallace  was,  after  De  la  Beche'  and 
especially  Lyell^,  the  first  in  recent  times,  in  an  essay  published  in 
1855,  to  call  attention  to  this  subject  thus  : 

» Researches  Id  theoretical  geology.  New  York,  1837.   p.  217.  Quoted  by  Woodworth, 
p.  2-20. 
« Principles  of  Geology.    ISSO-'te. 
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**To  discover,"  he  says,  "how  the  extinct  species  have  froni  lime  to 
time  been  replaced  by  new  ones  down  to  the  very  latest  geological  period, 
is  the  most  difficult,  and  at  the  same  time  the  most  interesting  problem  in 
the  natural  history  of  the  earth.**' 

Still  more  recently^  he  remarks  : 

'*  Whenever  the  physical  or  orpranlc  conditions  change  to  however  small 
an  extent,  some  corresponding  ctiange  will  be  produced  in  the  flora  and 
fauna,  since,  considering  the  severe  struggle  for  existence  and  the  com- 
plex relations  of  the  various  organisms.  It  Is  hardly  possible  that  the 
change  should  not  be  beneficial  to  some  species  and  hurtful  to  others.** 

Two  conclusions  are  now  generally  accepted :  The  first  is,  that 
the  most  complete  evidence  of  evolution  is  afforded  by  paleontol- 
ogy. Huxley's  vigorous  affirmation,  that  the  primary  and  direct 
evidence  in  favor  of  evolution  can  be  furnished  only  by  paleon- 
tology, has  been  greatly  strengthened  by  recent  discoveries.  The 
second  is,  that  biological  evolution  has  been  primarily  dependent 
on  physical  and  geological  changes. 

It  may  not  be  unprofitable  for  us  as  zoologists  to  pass  in  review 
some  of  the  revolutions  in  geological  history,  particularly  as  re- 
gards our  own  continent,  some  important  details  of  which  have 
recently  been  worked  out  by  our  geologists,  and  to  note  the  inti- 
mate relation  between  these  revolutions  and  the  origination  not 
only  of  new  species,  but  of  new  faunae,  and  indeed  at  certain 
epochs,  of  new  tj-pes  of  organic  life. 

1.  Frecamhrian  revolutions.  That  immensely  long  period  which 
intervened  between  the  time  when  our  planet  had  cooled  down  and 
become  fitted  for  the  existence  of  animal  life,  and  the  opening  of 
the  Cambrian  period,  was  evidently  a  time  of  the  geologically 
rapid  production  of  ordinal  and  class  types  of  invertebrate  life. 
This  is  strongly  suggested  by  the  fact  that  a  large  proportion  of 
the  Cambrian  classes  embrace  forms  as  highly  specialized  as  their 
successors  of  the  present  day,  so  that  we  are  compelled  to  look 
many  ages  back  of  the  Cambrian  for  the  appearance  of  their  gen- 
eralized ancestral  forms. 

Of  the  eight  branches,  of  phyla,  of  the  animal  kingdom,  the 
remains  of  seven,  or  all  except  the  vertebrates,  have  been  found 
in  Cambrian  strata.  Adopting  the  kind  of  statistics  employed  by 
Professor  H.  S.  Williams  in  his  admirable  Geological  Biolog3-,but 

t  Natural  Selection,  p.  14.  «  Darwinism.    1888.    p.  115. 
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with  some  changes  necessitated  by  a  little  different  view  as  to  the 
number  of  classes  living  at  the  beginning  of  the  Cambrian  period, 
it  appears  that  13  out  of  26  classes  of  the  animal  kingdom,  occur- 
ring in  a  fossil  condition,  already  existed  in  the  Cambrian  and,  if 
we  throw  out  from  the  vertebrate  classes  those  without  a  solid 
skeleton  (the  Enteropneusta  or  Balanoglossus,  Tunicates,  Amphi- 
oxus  and  the  lampreys),  13  out  of  22.  Also,  if  we  exclude  the 
land  forms  (Arachnida,  Myriopoda  and  insects),  13  out  of  19, 
and  then  throwing  out  the  five  vertebrate  classes  found  in  a  fossil 
state,  of  14  invertebrate  marine  classes  13  occur  in  the  Cambrian. ^ 
With  little  doubt  flat-worms,  nemerteans,  Nematelminthes,  and 
Gephyrea  existed  then,  and  probably  the  representatives  of  other 
classes,  of  which  no  traces  will  ever  occur. 

We  shall  for  our  present  purpose  follow  the  classification  of  the 
U.  S.  Geological  Survey  and  restrict  what  was  formerly  called  the 
Archean  to  the  fundamental  gneiss  and  crystalline  schists  of  an 
unknown  thickness,  and  accept  the  Algonkian,  as  comprising  the 
Huronian  and  Keweenawan  formations.  We  may  assume  that  the 
first  beginnings  of  life  took  place  toward  the  end  of  the  Archean 
and  that  the  more  or  less  rapid  differentiation  of  class  types  went 
on  during  Algonkian  time.  This  view  is  fortified  by  the  state- 
ment of  Walcott  that  a  great  orographic  movement,  followed  by 
long-continued  erosion,  took  place  between  the  Archean  and  Al- 
gonkian ages. 

Taking  as  an  example  of  the  nature  of  the  Algonkian  changes 
one  region  alone,  the  Lake  Superior  region,  where  the  stratigraph- 
ical  record  is  more  complete,  we  have :  1 .  The  Lower  Huronian 
schists,  limestone,  quartzites,  conglomerates,  etc.,  with  their 
eruptives,  closely  folded  and  attaining  a  maximum  thickness  of 
probably  over  5,000  feet. 

2.  The  Upp^r  Huronian,  unconformable  to  the  Lower,  a  series 
of  more  gently  folded  schists,  slates,  quartzites,  conglomerates, 
interbedded  and  cut  by  trap,  with  a  maximum  thickness  of  12,000 
feet.  In  the  Animikie  quartzites  of  this  age  have,  according  to 
Selwyn,  been  detected  a  track  of  organic  origin,  and  in  the  Minne- 
sota quartzites  Lingula-like  forms,  as  well  as  obscure  ''  trilobitic- 
looking  impressions ;  while  carbonaceous  shales  are  abundant. 

>  Should  the  Polyzoa  be  traced  back  to  the  Cambrian,  as  is  not  at  all  impossible,  the 
fact  would  remain  that  every  class  of  marine  Invertebrates  with  solid  parts  is  repre. 
sonted  in  the  Cambrian. 

A.    A.    A.   8.   VOL.    Xl.Vir  21 
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3.  Between  these  Huronian  rocks  and  the  true  Cambrian 
series  are  interpolated  the  Keweenawan  elastic  rocks,  with  a  maxi- 
mum thickness  of  50,000  feet.  Though  these  beds  are  by  some 
high  authorities  referred  to  the  Cambrian,  the  fact  remains  that 
this  series,  whether  Cambrian  or  Algonkian,  is  unconformable  to 
the  Huronian,  and  composed  of  fragmental  rocks,  the  upper 
division  being  15,000  feet  thick,  and  consisting  wholly  of  detrital 
material  largely  derived  from  the  volcanoes  of  the  same  series. 
Between  each  series  is  an  unconformity  representing  an  interval 
of  time  long  enough  for  the  land  to  have  been  raised  above  the 
seas,  for  the  rocks  to  be  folded,  to  have  lost  by  erosion  thousands 
of  feet,  and  for  the  land  to  sink  below  the  surface  of  the  ocean. 

Again  between  the  Precambrian  and  Cambrian  there  was,  accord- 
ing to  Walcott,  a  great  uplift  and  folding  of  rock,  succeeded  by 
long-sustained  erosion,  over  all  the  continental  area.  It  was  not 
however,  he  states,  ''  as  profound  as  the  one  preceding  Algonkian 
time,  as  is  proved  by  the  more  highly  contorted  and  disturbed 
Archean  rocks  beneath  the  relatively  less  disturbed  Algonkian 
series."^ 

The  evidence  of  the  existence  of  life- forms  in  the  Huronian 
and  Keweenawan  times  is  indicated  by  the  presence  of  thick  beds 
of  graphitic  limestone,  beds  of  iron  carbonates,  and  by  a  great 
thickness  of  carbonaceous  shales,  which  are  represented  by  graph- 
itic schists  in  the  more  altered  strata.  In  the  Animikie  rocks  on 
the  northern  shores  of  Lake  Superior,  Ingall  finds  abundant  car- 
bon, and  it  is  said  that  in  certain  mines  and  openings  rock-gas 
forms  to  a  considerable  extent.  Also  small  quantities  of  rock 
may  even  be  obtained  which  will  bum.  ''  These  substances  must 
result  from  the  ordinary  processes  which  produce  rock-gas  and 
coal  in  the  rocks  of  far  later  age.  The  hydrocarbons  which  occur 
so  abundantly  in  the  slightly  metamorphosed  shales  of  the  Huron- 
ian about  Lake  Superior  must  be  of  organic  origin,"  and  if  so,  the 
graphitic  schists  of  the  same  system,  ''  are  in  all  probability  only 
these  hydrocarbonaceous  shales  in  a  more  altered  condition." 

As  to  the  fossils  actually  detected  in.  what  are  by  some  geologists 
regarded  as  Algonkian  strata,  Winchell  has  detected  a  Lingula- 
like  shell  in  the  pipestones  of  Minnesota.  Selwyn  has  described 
tracks  of  animals   in   the   Upper   Huronian   of  Lake   Superior. 

»  The  North  American  Continent  during  Cambrian  Time.    Twelfth  Ann.  Eep.  U.  8. 
Geological  Survey,  p.  644. 
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Murray,  Howley,  and  Walcott  have  discovered  several  low  types  in 
the  Huronian  of  Newfoundland ;  i.  €.,  a  mollusc  {AspideHaterrano- 
vicay  and  traces  of  a  worm  {ArenicoUtes  spiralis)^  the  latter  said 
to  occur  in  the  primordial  rocks  of  Sweden.  Walcott  reports  the 
discovery  in  the  Grand  Canon  of  the  Colorado,  of  the  following 
Precambrian  fossils  :  ^' A  minute  discinoid  or  patelloid  shell,  a  small 
Lingula-like  shell,  a  species  of  Hyolithus,  and  a  fragment  of  what 
appears  to  have  been  the  pleural  lobe  of  the  segment  of  a  trilobite 
belonging  to  a  genus  allied  to  the  genus  Olenellus,  Olenoides,  or 
Paradoxides.  There  is  also  an  obscure  Stromatopora-like  form 
that  may  not  be  organic." 

Here  should  be  noted  the  discovery,  in  1896,  of  Radioiaria^  in 
calcareous  and  cherty  rocks  of  "undoubted  Precambrian  age" 
near  Adelaide,  Australia  (Nature,  Dec.  24,  p.  192,  1896)  ;  the  de- 
tection of  fossils  in  the  Archean  of  Brittany,  and  of  three  veins 
of  anthracite  *'in  crystalline  schists  of  Archean  age"  in  Ecuador. 

At  St.  John,  New  Brunswick,  that  able  and  experienced  geolo- 
gist, Dr.  G.  F.  Matthew,  has  detected  fossils  in  strata  which  he 
refers  to  the  upper  Lanrentian.  They  occur  in  three  horizons. 
The  lowest  series  is  composed  of  a  quartzite  containing  fragments 
of  the  skeleton  of  hexactinellid  sponges  allied  to  Cyathospongia. 
In  the  upper  limestone  of  the  second  horizon  were  collected  calca- 
reous coral-like  structures  resembling  Stramatopora  rugosa.  In  the 
third  and  uppermost  horizon,  consisting  of  beds  of  graphite,  oc- 
curred great  numbers  of  spicules  of  apparently  hexactinellid 
sponges.  "  Between  this  upper  Laurentian  system  and  the  basal 
Cambrian  occurs,"  says  Matthew,  "  a  third  system,  the  Coldbrook 
and  Coastal,  Huronian,  which  has  given  conglomerates  to  the  Cam- 
brian and  has  a  great  thickness."  He  also  tells  us  that  the  Precam- 
brian St.  Etcheminian  beds  at  St.  John,  consisting  of  red  and  green 
slates  and  shales,  have  a  meagre  fauna  comprising  Protozoa,  Brach- 
iopoda,  echinoderms,  molluscs,  with  plentiful  worm  burrows  aud 
trails.  In  commenting  on  this  subject  Sir  J.  W.  Dawson  remarks 
that  these  Etcheminian  strata  rest  on  Huronian  rocks  which,  near 

1  Dr.  G.  F.  Matthew  writes  me  as  follows  regarding  this  supposed  fossil :  "  I  haye 
seen  Aapideiln  terranovica  in  the  museum  at  Ottawa  and  doubt  its  organic  origin.  It 
seems  to  me  a  slickensided  mud-concretion  striated  by  pressure.  I  have  found  sim- 
ilar objects  in  the  Etcheminian  olive  gray  beds  below  the  St.  John  group." 

*  Dr.  Matthew  likewise  informs  me:  "  The  (Radiolarian?)  rocks  of  Adelaide,  South 
Australia,  Mr.  Howchin  ^iTites  to  me  he  now  finds  to  be  Lower  Cambrian.  He  has 
found  Archseocyathus  in  them;  but  this  is  not  proof  of  Lowest  Cambrian,  as  the 
genus  is  found  in  the  Paradoxides  beds  of  the  South  of  France.*' 
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Hastings,  Ontario,  contain  worm  burrows,  sponge-spicules,  "  and 
laminated  forms  comparable  to  Cryptozoon  and  Eozoon."  (Na- 
ture, Oct.  15,  1896,  p.  585.) 

Even  allowing  room  for  error  in  the  correlation  of  these  forma- 
tions, and  in  regarding  some  of  these  rocks  as  no  older  than  Cam- 
brian, yet  on  the  whole  the  result  appears  to  be  that  abundant 
vegetation  existed  in  Precambrian  times,  which  was  converted  into 
graphite,  while  representatives  of  seven  classes  were  perhaps  al- 
ready in  existence  previous  to  the  Cambrian  period. 

The  following  lists  give  a  comparative  view  of  the  classes  of 
the  periods  in  question. 


Precambrian  Classes. 
Rhizopoda  (Radiolaria) . 

Porlfera  (Hexactinellid  Sponjjes). 

Actinozoa  (Corals). 

Brachiopoda. 

Annelida. 


Mollusca. 
Trilobita. 


Cambnan  Classes. 

Rhizopoda  (Foramlnifera  and  Radi- 
olaria). 
Porlfera  (Sponges), 
llydrozoa  (Medusae  and  Graptolites) 
Actinozoa  (Corals). 
Brachiopoda. 
Annelida. 
Crinoidea. 
Asteroidea. 
Lamellibranchiata. 
Gastropoda  (including  Pteropoda*). 
?Cephalopoda  (Orthoceras?). 
Trilobita. 
Crustacea. 


It  would  seem  from  these  data  that  the  physical  condition  of  the 
sea  and  atmosphere  was  favorable  to  the  existence  of  types  for 
aught  we  know  quite  or  nearly  as  highly  specialized  as  those  of 
the  same  classes  now  in  existence.  Life  and  nature  in  the  Pre- 
cambrian went  on,  so  far  as  we  can  tell,  much  as  in  Cambrian 
times.  Though  locally  there  are  breaks  in  the  continuity  of  geo- 
logical processes,  yet  probably  over  the  world  generally  there  was 
a  continuity  of  geological  phenomena,  and  on  the  whole  a  tolera- 
bly unbroken  series  of  organic  forms. 

It  is  obvious,  however,  that  in  the  regions  thus  far  examined,  the 
Precambrian,  whether  we  include  the  Archean  or  not,  more  than  at 
any  time  since,  though  the  land  areas  are  by  some  considered  to  be 

» Dr.  Matthew  writes  me  that  he  doubts  if  Hyalithoid  shells  should  be  referred  to 
Pteropoda.  •*  Pelsineer  quite  repudiates  them  ;  and  to  me  their  heavy  shells,  aud  fre- 
quent habitat  on  rough  shores,  do  not  speak  of  the  fragile  Pteropoda.*' 
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of  small  extent,  was  a  period  of  widespread  and  profound  changes 
in  the  distribution  of  land  and  sea.  While  it  is  generally  supposed 
that  the  extent  of  the  continental  areas  at  the  beginning  of  Paleo- 
zoic time  was  small,  forming  islands,  Walcott  is  inclined  to  the  be- 
lief that  it  was  very  considerable,  stating  : 

'*  The  continent  was  larger  at  the  beginning  of  the  Cambrian  period 
than  during  any  epoch  of  Paleozoic  time,  and  probably  not  until  the  de- 
velopment of  tlie  great  fresh-water  lakes  of  the  Lower  Mesozoic  was 
there  such  a  broad  expanse  of  land  upon  the  continental  platform  be- 
tween the  Atlantic  and  Pacific  oceans.  The  agencies  of  erosion  were 
wearing  away  the  surface  of  this  Algonkian  continent  and  its  outlying 
mountain  barriers  to  the  eastward  and  westward,  when  the  epoch  of  the 
Lower  Cambrian  or  Olenellus  zone  began.  The  continent  was  not  then 
new.  On  the  contrary,  it  was  approaching  the  base  level  of  erosion  over 
large  portions  of  its  surface.  The  present  Appalachian  system  of  moun- 
tains was  outlined  by  a  high  and  broad  range,  or  system  of  ranges,  that 
extended  from  the  present  site  of  Alabama  to  Canada,  and  subparallel 
ranges  formed  the  margins  of  basins  and  straits  to  the  east  and  north- 
east of  the  northern  Pal eo- Appalachian  or  the  Paleo-Green  Mountains, 
and  their  northern  extension  toward  the  Precambrian  shore-line  of 
Labrador.  The  Paleo-Adirondacks  joined  the  main  portion  of  the  conti- 
nent, and  the  strait  between  them  and  the  Paleo-Green  Mountains  opened 
to  the  north  into  the  Paleo-St.  Lawrence  Gulf,  and  to  the  south  extended 
far  along  the  western  side  of  the  mountains  and  the  eastern  margin  of 
the  continental  mass  to  the  sea  that  carried  the  fauna  of  the  Olenellus 
epoch  around  to  the  Paleo-Rocky  Mountain  trough."    (I,  c.  p.  662.) 

Remarking  on  the  habitat^  or  nature  and  extent  of  the  sea-bot- 
tom tenanted  by  the  Olenellus  or  Lower  Cambrian  fauna,  Walcott 
remarks : 

*'  One  of  the  most  important  conclusions  is  that  the  fauna  lived  on  the 
eastern  and  western  shores  of  a  continent  that,  in  its  general  configura- 
tion, rudely  outlines  the  North  American  continent  of  to-day.  Strictly 
speaking  the  fauna  did  not  live  upon  the  outer  shore  facing  the  ocean, 
but  on  the  shores  of  interior  seas,  straits,  or  lagoons  that  occupied  the 
intervals  between  the  several  ridges  that  rose  from  the  continental  plat- 
form east  and  west  of  the  main  continental  land  surface  of  the  time." 
il  c.  it.  656.) 

Dana  had  previously  (1890)  claimed  that  the  earth's  features 
even  to  many  minor  details  were  defined  in  Archean  time  (evi- 
dently referring  to  all  Precambrian  time)  and  that  "  Archean  con- 
ditions exercised  a  special  and  even  detailed  control  over  future 
continental  growth/'     May  not  this  idea  be  extended  to  include 
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the  life  of  the  Precambriau,  and  may  we  not  sappose  that  biolog- 
ical variations  and  evolutions  were  predetermined  to  some  degree 
at  least  by  the  geological  conditions  of  these  primeval  ages?  The 
continental  masses  were  then  foreshadowed  by  submarine  plateaus 
covered  by  shallow  seas,  the  deeper  portions  of  the  ocean  basins 
not  being  affected  by  these  oscillations,  extensive  as  they  were. 

The  time  which  elapsed  between  the  end  of  the  Laurentian  and 
beginning  of  the  Cambrian  was  immense,  or  at  least,  as  long  as 
the  entire  Paleozoic  era.  Walcott  estimates  the  length  of  the 
Algonkian  at  17,500,000  years.  This  length  of  time,  or  even  a 
portion  of  it,  was  long  enough  for  the  origination  and  establishment 
of  those  classes,  whose  highly  specialized  descendants  flourished 
in  the  Cambrian.  Referring  to  the  Precambrian  strata  Walcott 
states : 

"  That  the  life  In  the  pre-Olenellus  seas  was  large  and  varied  there  can 
be  little  If  any  doubt.  The  few  traces  known  of  it  prove  little  of  its 
character,  but  they  prove  that  life  existed  in  a  period  far  preceding 
Lower  Cambrian  time,  and  they  foster  the  hope  that  it  is  only  a  question 
of  search  and  favorable  conditions  to  discover  it."* 

Here  the  imagination  of  the  zoologist  may  be  allowed  for  the 
moment  free  scope  to  act.  It  is  perhaps  not  hazardous  to  sur- 
mise that  in  the  early  centuries  or  millenniums  of  the  Huronian 
there  arose  from  some  aggregated  or  compound  infnsorian,  the 
prototype  of  the  sponges . 

From  some  primitive  gastrula,  which  became  fixed  to  the  Hu- 
ronian sea-bottom  may  have  arisen  the  hydroid  ancestor  of  the 
coelenterates ;  owing  to  its  fixed  mode  of  life,  the  primitive 
digestive  cavity  opened  upwards,  being  held  in  place  by  the  septa, 
so  that  the  vase-shaped  body,  growing  like  a  plant,  with  the  light 
striking  upon  it  from  all  sides,  assumed  a  radial  symmetry.  Be- 
fore the  beginning  of  the  Cambrian,  for  we  know  Aurelia-like 
forms  abounded  on  the  Cambrian  coasts,  medusae  budded  out 
from  some  hydroid  polyps,  became  free-swimming,  and  as  a  result 
of  their  living  at  the  surface  became  transparent,  and  thus  slfielded 
from  the  observation  of  whatever  enemies  they  had,  multiplied  in 
great  numbers. 

From  some  reptant  gastrsea  there  may  have  sprung,  in  these 
primeval  times,  an  initial  form  with  a  fore-and-aft,  dorso-ventral 

>The  Fauiui  of  the  Lower  Cambrian  or  Olenellus  zone.  Tenth  Annual  Report  of  the 
U.  8.  GeoJo^caJ  3unrey.  1888-89. 
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and  bilateral  symmetry,  which  gave  origin  by  divergent  lines  of 
specialization  to  flat-worms,  nemertean,  and  round-worms,  as  well 
as  Rotifera,  and  other  forms  included  among  the  Vermes.  It  is 
probable  that  the  tromatodes  and  Cestodes,  especially  the  latter, 
whose  organs  have  undergone  such  reduction  by  parasitism,  and 
some  of  which  through  disuse  have  totally  disappeared,  did  not 
evolve  until  some  time  after  the  appearance  of  molluscs  and 
fishes. 

When  existence  in  these  early  plastic  vermian  forms  was  con- 
fined to  boring  in  the  mud  and  silt,  the  body  became  cylindrical, 
as  in  some  nemerteans,  and  in  -the  thread-worms ;  some  of  the 
latter  forms,  boring  into  the  mud,  became  parasites,  entering  the 
bodies  of  other  animals  which  serve  as  their  hosts. 

At  about  this  time  certain  worms,  as  the  simple  mechanical  re- 
sult perhaps  of  threading  their  way  over  or  through  the  rough 
gravelly  bottom,  became  segmented.  The  establishment  of  a 
segmented  structure,  brought  about  by  the  serpentine  mode  of 
progression  in  the  direction  of  least  resistance,  resulted  in  the 
origination  of  a  succession  of  levers.  Following  this  annulated 
division  of  the  dermo-muscular  tube  of  worms,  was  the  serial  or 
segmental  arrangement  of  the  internal  organs,  i.  e,  the  nervous, 
excretory,  reproductive  and  glandular,  and  in  a  less  degree,  the 
circulatory  system. 

In  certain  of  these  primitive  protannelids,  as  the  result  perhaps 
of  external  stimuli  intermittently  applied,  bristles  originated  to 
aid  in  progression,  and  finally  the  segmentally  arranged  lateral 
flaps  of  the  skin,  the  parapodia,  which  served  as  swimming  organs. 
Other  nepionic  forms,  at  first  free  swimming,  became  fixed  and  pro- 
tected by  two  valves  as  in  the  Brachiopoda,  which  owe  their  suc- 
cess in  Precambrian  times  to  their  fixed  and  protected  bodies. 

Not  long  after  the  annelid  type  became  established  that  of  the 
echinoderms  apparently  diverged  from  some  nepionic  worm,  like 
a  trochosphere.  In  such  a  form  there  was  a  tendency  to  the  depo- 
sition of  particles  and  plates  of  lime  in  the  walls  of  the  body,  and 
the  type  becoming  fixed  at  the  bottom,  or  at  least  nearly  station- 
ary, and  meanwhile  more  or  less  protected  by  a  calcareous  armor, 
lost  its  originally  bilateral,  and  acquired  a  radial  symmetry. 

But  no  echinoderms  have  yet  been  detected  in  Precambrian 
rocks,  which  however  have  revealed  arthropods,  as  shown  by  the 
traces  of  a  trilobite,  and  this  tends  to  indicate  that  radial  symme- 
try is  an  acquired,  not  a  primitive  characteristic. 
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At  this  tiin3  was  solved  the  problem  of  the  origination  of  a 
type  of  body,  and  of  supports  for  it  either  in  walking  or  in  swim- 
ming, which  should  fulfil  the  most  varied  conditions  of  life,  and 
this  type,  the  arthropodan,  as  events  proved,  was  that  fitted  for 
walking  over  the  sea-bottom,  for  swimming,  or  for  ten-estrial  loco- 
motion ;  nor  was  the  idea  of  segmentation  both  in  trunk  and  limbs 
discarded  when  the  type  culminated  in  fiying  forms  —  the  insects. 

The  Arthropoda,  as  the  record  shows,  firet  represented  by  trilo- 
bites,  which  structurally  are  nearer  the  annelids  than  Crustacea, 
was  destined  to  far  outnumber  in  individuals,  species,  orders  and 
classes  any  other  phylum.  Fundamentally  worm-like  or  annelid  in 
structure,  the  body  consisted  of  a  linear  series  of  stiff  levers,  and 
was  supported  by  limbs  segmented  in  the  same  way.  The  varia- 
tions of  the  arihropodan  theme  are  greater  than  in  any  other 
groups,  and  nature,  so  to  speak,  succeeded  most  admii-ably  in  this 
type,  with  the  exception  of  the  Trilobita,  which  was  the  first  class 
of  the  phylum  to  appear  and  the  first  to  disappear.  The  evolution 
of  jointed  limbs  was  accomplished  in  the  most  economical  and 
direct  way.  The  parapodia  were  perhaps  utilized,  and  at  first  retain- 
ing their  form  in  swimming  phyllopods,  afterwards  from  being  used 
as  supports,  became  cylindrical  and  jointed.  All  this  modification 
of  monotypic  forms  and  evolution  from  them  to  other  types  was 
accomplished  not  very  late  perhaps  in  the  Precambrian.  After  the 
specialization  of  the  antennae  and  of  the  trunk  segments  of  the 
trilobites  was  worked  out,  all  the  postantennal  appendages  being 
alike,  there  ensued  in  some  descendant  of  another  vermian  ances- 
tor a  further  differentiation  of  the  postantennal  appendages  into 
mandibles,  maxillae,  maxillipedes,  thoracic  ambulatory  legs,  and 
abdominal  swimming  feet,  as  worked  out  in  the  more  specialized 
members  of  the  class  of  Crustacea. 

As  soon  as  the  crustacean  type  became  established,  the  condi- 
tions must  have  been  most  favorable  for  its  rapid  differentiation 
along  quite  divergent  lines,  for  in  the  Cambrian  strata  occur  the 
remains  of  four  orders,  viz.,  the  Cirrhipedia,  Ostracoda,  Phyllo- 
poda,  the  sole  Cambrian  form  {Protocaris  marshi)  related  to  the 
modern  Apus,  and  the  Phyllocarida.  Of  these  the  barnacles  and 
Ostracoda  with  their  multivalve  or  bivalve  carapaces,  are  the  most 
specialized,  and  in  the  case  of  the  former  the  process  of  modifica- 
tion due  to  this  fixed  mode  of  life  must  have  required  ages,  as  most 
also  the  development  of  that  highly  modified  vermian  type,  the 
Brachiopoda. 
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Indeed  the  three  lines  of  descent  which  resulted  in  the  arthro- 
podan  phylum,  as  it  now  exists,  unless  there  were  three  independ- 
ent phyla,  were  perhaps  initiated  before  the  Cambrian.  These 
lines  are  (1)  the  Trilobita,  with  their  probable  successors  the 
merostomes  and  arachnids,  (2)  the  Crustacea,  and  (3)  the  myrio- 
pods  and  insects.  Of  the  third  line  Peripatus  or  a  peripatus-like 
form  was  the  earliest  ancestor,  which  of  course  must  have  been 
terrestrial  m  habits,  though  its  forefather  may  have  been  some 
fresh- water  leech-like  worm.  We  venture  to  state  that  it  is  not 
wholly  impossible  that  so  composite  a  type  as  Peripatus,  which 
bears  at  least  some  of  the  marks  of  being  a  persistent  type,  took 
its  rise  on  the  continental  land  of  the  Precambrian. 

In  the  Precambrian  time  was  also  solved  the  problem  by  the 
molluscs  of  producing  a  spiral  univalve  shell ;  for  while  a  large 
proportion  of  the  Gastropoda  were  protected  by  patella-like  shells 
of  simple  primitive  conical  form,  with  these  coexisted  in  the  lowest 
Cambrian  forms  with  spiral  shells,  such  as  Platyceras  and  Pleuro- 
tomaria.  The  comparative  abundance  of  those  highly  modified 
molluscs,  the  Pteropoda,  in  the  lowest  or  Olenellus  Cambrian  strata, 
strongly  suggests  that  their  divergence  from  the  more  generalized 
gastropod  stem  and  their  adaptation  to  a  surface  or  pelagic  life 
must  have  taken  place  long  anterior  to  the  dawn  of  the  Cambrian.  ^ 
With  them  must  have  lived  a  variety  of  other  surface  forms  be- 
sides Rhizopoda,  whose  young  sei-ved  as  their  food.  The  mem- 
bers of  all  classes  of  the  Cambrian  were  carnivorous,  feeding  on 
the  protoplasm  of  the  bodies  of  microscopic  animals,  or  on  the  eggs 
and  young  of  their  own  species,  some  living  on  the  bottom,  and 
others  at  the  surface.  Of  marine  plants  of  the  Cambrian  there 
are  but  slight  traces,  and  it  is  evident  that  what  there  were  were 
restricted  to  the  coasts  and  to  shallow  water.  The  old  idea  that 
plants  originally  served  as  the  basis  of  animal  life  must  be  dis- 
carded. As  at  present  no  plant  life  exists  below  a  few  fathoms,  a 
hundred  perhaps  at  the  most,  and  since  below  these  limits  the 
ocean  depths  are  packed  with  animal  life  which  exists  entirely  on 
the  young  or  the  adults  of  weaker  forms,  so  must  the  rise  and 
progress  of  animal  life  have  been  quite  independent  of  that  of 
plants.     The  lowest  plants  and  animals  may  have  evolved  from 

1  Dr.  Matthew  has  diBCoyered  at  St.  John,  N.  B.,  a  Btlll  lower  and  older  bed,  contain, 
ing  no  Olcnellae;  but  Foraminlfera  (Orbulina  and  Globlgerina),  sponges,  Pteropoda, 
Pelaglella  which  was  probably  an  oceanic  Heteropod,  very  primltiye  brachiopods, 
with  Ostracodaand  six  genera  of  trilobltes. 
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some  common  bit  of  protoplasm,  some  protist,  but  the  evolution 
of  the  animal  types  became  very  soon  vastly  more  complex.  The 
specialization  of  parts  and  adaptation  to  the  environment  were 
more  thorough  and  rapid  in  the  lowest  animals  evidently  in  conse- 
quence of  the  greater  power  of  locomotion,  and  aggressiveness  in 
obtaining  food  from  living  organisms,  and  the  adaptability  of 
animal  life  to  various  oceanic  conditions,  especially  temperature, 
bathy metrical  conditions  and  a  varying  sea- bottom. 

This  rapid  differentiation  and  multiplication  of  different  family, 
ordinal,  and  class  ancestral  types,  went  on  without  those  biologi- 
cal checks  which  operated  in  later  times,  when  the  seas  and  land 
masses  of  the  globe  became  more  crowded.  There  was  a  compar- 
ative absence  of  competition  and  selection ;  this  being  due  to  the 
lack  of  predaceous  carnivorous  forms  to  produce  that  balance  in 
nature  which  afterwards  existed.  The  two  most  successful  and 
abundant  types  were  the  trilobites  and  brachiopods ;  but  the  former 
were  not  especially  aggressive  in  their  habits,  undoubtedly  taking 
their  food  in  a  haphazard  way  by  burrowing  in  the  mud  or  sand, 
having  much  the  same  kind  of  appendages  and  the  same  feeding 
habits  as  Limulus.  The  brachiopods  were  fixed  or  burrowed  in  the 
sand,  straining  the  microscopic  organisms  drawn  into  the  mouth  by 
the  currents  set  up  through  the  action  of  their  ciliated  arms.  The 
most  destructive  and  aggressive  Cambrian  animal  known  to  us  was 
the  Orthoceratites,  but  their  remains  have  not  yet  been  detected 
below  the  2d  Cambrian  zone.  Even  if  some  protocordate  Balano- 
glossus,  Ascidians,  or  even  Amphioxus  had  already  begun  their 
existence  in  these  Precambrian  times,  they  could  have  caused  but  a 
little  more  destruction  of  life  than  their  contemporaneous  inverte- 
brate allies.  As  the  remains  of  Ostracodermi  and  sharks  have 
been  detected  in  Trenton  strata,  perhaps  they  originated  in  the 
Cambrian,  when  they  must  have  been  active  forces  in  the  elim- 
ination of  those  Precambrian  soft- bodied  animals  which  connected 
classes  now  quite  wide  apart. 

The  rapid  increase  in  the  Precambrian  population  was  hastened 
by  the  probable  fact  that  this,  more  than  any  subsequent  period, 
was  one  of  rapid  migration  and  colonization.  Vast  areas  of  the 
shallow  depths  over  the  site  of  the  embryo  continent,  more  or  less 
shut  off  from  the  main  ocean  by  shoals,  reefs  and  islands  were,  by 
oscillations  of  the  sea  bottom  and  land,  opened  up  at  various 
times  to  migrants  from  the  older  previously  settled  seas. 
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The  nature  of  the  Precambrian  sediments  shows  that  the  more 
open  sea-bottom  was  swept  by  tidal  and  ocean  currents  vaiying  in 
strength  and  extent.  The  topography  of  the  ocean  bottom  over 
what  is  now  land  must  have  been  more  diversified  than  at  present. 
In  the  late  ages  of  the  Algonkian,  owing  to  active  competition  and 
the  struggle  f  o  existence  in  the  overstocked  areas,  the  process  of 
segregation  or  geographical  isolation  was  rapidly  effected,  and  the 
migrants  from  the  denser  centers  of  growth  pressed  into  the  then 
uninhabited  areas  where,  as  new  vigorous  and  prepotent  colonists, 
they  broke  ground  and  founded  new  dynasties. 

At  such  times  as  these  we  can  easily  imagine  that,  besides  the 
absence  of  competition,  the  Lamarckian  factors  of  change  of  sur- 
roundings bringing  about  new  habits  and  thus  inducing  new  needs, 
tlie  use  and  disuse  of  organs,  together  with  the  inheritance  of 
characters  acquired  during  the  lifetime  of  the  individual,  operated 
then  far  more  rapidly  and  in  a  much  more  thoroughgoing  way,  than 
at  any  period  since,  while  all  through  this  critical,  creative  period, 
as  soon  as  there  was  a  sufficient  diversity  in  the  incipient  forms 
and  structures,  a  selective  principle  began  to  operate. 

For  forty  years  past,  since  the  time  of  Darwin,  the  idea  that 
these  early  forms  were  more  rapidly  evolved,  and  that  they  were 
more  plastic  than  forms  now  existing  has  constantly  cropped  out 
in  the  writings  of  our  more  thoughtful  and  studious  paleontologists 
and  biologists. 

Darwin,  in  his  Origin  of  Species,  as  quoted  by  Walcott  with  ap- 
proval, remarked  that  it  is  indisputable  that,  before  the  lowest 
Cambrian  stratum  was  deposited,  long  periods  elapsed,  as  long  as, 
or  probably  far  longer  than,  the  whole  interval  from  the  Cambrian 
age  to  the  present  day ;  and  that  "  during  these  vast  periods  the 
world  swarmed  with  living  creatures."  Darwin  then  adds :  "It 
is,  however,  probable,  as  Sir  William  Thompson  insists,  that  the 
world  at  a  very  early  period  was  subjected,  to  more  rapid  and  vio- 
lent changes  in  its  physical  conditions  than  those  now  occurring ; 
and  such  changes  would  have  tended  to  induce  changes  at  a  cor- 
responding rate  in  the  organism  which  then  existed." 

Professor  Hyatt,*  from  his  exhaustive  studies  on  the  Nautiloi- 
dea  and  Ammonoidea,  concludes : 

*'  These  groups  originated  suddenly  and  spread  oat  with  great  rapidity, 
and  in  some  cases,  as  in  the  Arietids  of  the  Lower  Lias,  are  traceable  to  an 
origin  in  one  well-defined  species,  which  occurs  in  close  proximity  to  the 

>  Phylogeny  of  an  acquired  characteristic.    Proc.  Amer.  Phil.  Soc.  xxxll,  p.  371. 


Digitized  by 


Google 


332  SECTION    F. 

whole  group  in  the  lowest  bed  of  the  same  formation.  These  facts,  and 
the  acknowledged  sudden  appearance  of  large  numbers  of  all  the  distinct 
types  of  invertebrates  in  the  Paleozoic,  and  of  all  the  greater  number  of 
all  existing  and  fossil  types  before  the  expiration  of  Paleozoic  time, 
speak  strongly  for  the  quicker  evolution  of  forms  in  the  Paleozoic,  and 
indicate  a  general  law  of  evolution.  This,  we  think,  can  be  formulated 
as  follows :  Types  are  evolved  more  quickly  and  exhibit  greater  structural 
differences  between  genetic  groups  of  the  same  stock  while  still  near  the  point 
of  origin^  than  they  do  subsequently.  The  variations  or  differences  may 
take  place  quickly  in  the  fundamental  structural  characteristics^  and  even 
the  embryo  may  become  different  when  in  the  earliest  period^  but  subsequently 
only  more  superficial  structures  become  subject  to  great  variations,"^ 

If  this  applies  to  the  evolution  of  these  cephalopods  in  the 
Mesozoic,  how  much  more  rapidly  and  efficaciously  did  tbe  princi- 
ple operate  in  the  Precambrian  period,  after  the  initial  steps  in 
the  divergence  of  types  from  the  unicellular  Protozoa  took  place  ? 
The  same  law  or  fact  obtains  with  the  insects,  the  eight  holome- 
tabolous  orders  having,  so  far  as  the  evidence  goes,  originated  at 
nearly  the  same  geological  date,  near  or  soon  after  the  close  of 
the  Paleozoic  era.  Williams  also  shows  from  a  study  of  the  varia- 
tions of  Atrypa  reticularis  that  this  species  in  its  specific  characters 
shows  a  greater  degree  of  variability  of  plasticity  in  the  earlier 
than  in  the  later  stages  of  its  history.  We  thus  conclude  that 
after  the  simplest  protoplasmic  organisms  originated,  the  greatest 
difficulties  in  organic  development,  i.  e.,  the  origination  of  the 
founders  of  the  different  classes  were,  so  to  speak,  met  and  over- 
come in  Precambrian  times.  The  period  was  one  of  the  rapid 
evolution  of  types.   As  Williams^  has  well  remarked  : 

**  The  chief  expansion  of  any  type  of  organism  takes  place  at  a  rela- 
tively early  period  in  Its  life  history.  Since  then  as  with  the  evolution 
of  the  continent  itself,  the  farther  progressive  differentiation  of  marine 
invertebrate  forms  has,  since  the  close  of  the  Precambrian,  been  a  matter 
of  detail."  • 

As  well  stated  by  Brooks,  since  the  first  establishment  of  the 
Cambrian  bottom  fauna,  '*  evolution  has  resulted  in  tbe  elabora- 
tion and  divergent  specialization  of  the  types  of  structure  which 
were  already  established,  rather  than  in  the  production  of  new 
types." 

In  accepting  the  general  truth  of  this  statement,  and  its  applica- 
tion to  the  marine  or  Cambrian  types  it  may,  however,  be  modified 
to  some  extent.     For  during  the  late  Paleozoic  was  witnessed  the 

»  Geological  Biology,  p.  322.  «  h  c.  p.  847. 
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evolution  of  the  three  tracheate,  laud-inhabitiug,  air-breathing 
classes  of  Arachnida,  Myriopoda,  and  insects,  and  of  the  air- 
breathing  vertebrates,  with  limbs  and  lungs,  comprising  the  four 
classes  of  amphibians,  reptiles,  birds,  and  mammals. 

2.  The  Appalachian  Revolution  and  its  biological  Results. —  Un- 
less we  except  the  great  changes  in  physical  geography  which  took 
place  at  the  end  of  the  Tertiary  period,  when  the  mountain  chains 
of  each  continent  assumed  the  proportions  we  now  see,  the  Appa- 
lachian revolution,  or  the  mountain-building  and  continent-making 
at  the  close  of  the  Paleozoic  age,  was  the  most  extensive  and  bio- 
logically notable  event  in  geological  history.  In  its  effects  on  life, 
whether  indirect  or  direct,  it  was  of  vastly  greater  significance  than 
any  period  since,  for  contemporaneous  with  and  as  a  consequence 
of  this  revolution  was  the  incoming  of  the  new  types  of  higher  or 
terrestrial  vertebrates.  Through  the  researches,  now  so  familiar, 
in  the  field  and  study,  of  the  two  Kogerses,  of  Dana,  and  of  Ilall, 
we  know  that  all  through  the  Paleozoic  era  at  least  some  30,000  to 
40,000  feet  of  shoal  water  sediments,  both  marine  and  fresh  water, 
derived  from  the  erosion  of  neighboring  lands,  were  accumulated 
in  a  geosyndinal  trough  over  the  present  site  of  the  range  ex- 
tending from  near  the  mouth  of  the  St.  Lawrence  to  Northern 
Georgia.  At  the  end  of  the  era  ensued  a  series  of  movements  of 
the  earth's  crust  resulting  from  the  weight  of  this  vast  accumula- 
tion, which  in  a  geologically  brief  period  sank  in,  dislocated,  and 
crushed  the  sides  of  the  trough,  and  folded  the  strata  into  great 
close  parallel  folds,  besides  inducing  more  or  less  metamorphism. 
These  folds  rising  from  a  plateau  formed  mountain  ranges  perhaps 
as  high  as  the  Sierra  Nevada  or  Andean  Cordillera  of  the  present 
day.  The  plateau  emerged  above  the  surface  of  the  Paleozoic 
ocean,  and  was  carved  and  eroded  into  mountain  peaks,  separated 
by  valleys  of  erosion,  the  rivers  of  the  Appalachian  drainage- 
system  cutting  their  channels  across  the  mountain  ranges. 

But  this  process  of  mountain  building  and  erosion  was  not  con- 
fined to  the  end  of  the  Paleozoic  era.  Willis^  has  shown  that  there 
have  been  several  successive  cycles  of  denudation,  covering  a  period 
extending  from  the  end  of  the  Paleozoic  era  to  the  present  time. 
And  it  is  the  fact  of  these  successive  cycles  of  denudation  both 
on  the  Atlantic  and  Pacific  slopes  of  our  continent  that  is  of  high 
significance  to  the  zoologist  from  the  obvious  bearings  of  these 

1  National  Geographic  Magazine,  1889,  yol.  1,  pp.  291-300. 
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revolutions  on  the  production  of  variations.  Indeed  it  is  these 
phenomena  which  have  suggested  the  subject  of  this  address. 

We  can  imagine  that  this  great  plateau,  in  the  beginning  of  the 
Mesozoic  era,  with  its  lofty  mountain  ranges  and  peaks  rising  from 
the  shores  of  the  Atlantic,  presented  different  climatic  zones,  from 
tropical  lowlands  with  their  vast  swamps,  to  temperate  uplands, 
stretching  up  perhaps  to  alpine  summits,  with  possibly  glaciers  of 
limited  extent  filling  the  upper  parts  of  the  mountain  valleys.  New 
Zealand  at  the  present  day  has  a  subtropical  belt  of  tree  ferns, 
while  the  mountains  bear  glaciers  on  their  summits ;  and  in  Mexi- 
co, only  about  20*^  from  the  tropics,  rising  above  the  tropical  belt, 
is  the  temperate  plateau,  and  farther  up  the  subalpine  snow-clad 
summits  of  Popocatapetl,  Orizaba,  and  other  lofty  peaks.  So 
in  the  Appalachians  of  the  Paleozoic,  the  cryptogamous  forests 
and  their  animal  life  may  have  been  confined  to  the  coastal  plains 
and  lowlands,  while  on  the  higher,  cooler  levels  may  have  existed 
a  different  assemblage  of  life ;  and  it  is  not  beyond  the  reach  of 
possibility  that  a  scanty  subalpine  flora  peopled  the  colder  summits. 

But  the  unceasing  process  of  atmospheric  erosion  and  river 
action  continued  through  the  Jurassic  which  was,  as  stated  by 
Scott,  in  his  Introduction  to  Geology,  "  a  time  of  great  denuda- 
tion, when  the  high  ranges  of  the  Appalachian  mountains  were 
much  wasted  away,  and  the  newly  upheaved,  tilted  and  faulted  beds 
of  the  Trias  were  deeply  eroded."  At  about  the  time  of  the  open- 
ing of  the  Cretaceous  the  range  was  reduced  to  a  peneplain  (the 
Cretaceous  peneplain) ,  with  only  vestiges  of  once  lofty  mountains ; 
the  scenic  features  roughly  recalling  those  of  North  Carolina  and 
New  England  at  present,  although  more  subdued  and  featureless, 
more  like  the  Kittatinny  peneplain  of  the  Piedmont  district  at  the 
eastern  base  of  the  Blue  Ridge  to-day  as  contrasted  with  the  present 
mountain  region  of  Pennsylvania  and  New  Jersey.  There  were 
also  extensive  changes  in  the  interior.  What  was  the  Colorado 
island  was  added  to  the  mainland,  and  a  great  Mediterranean  sea 
extended  from  the  Uinta  mountains  of  southeastern  Wyoming  to 
New  Mexico  and  Arizona,  and  stretched  from  the  Colorado  penin- 
sula westward  to  Utah.  In  the  upper  Jurassic  as  the  result  of  a 
depression  a  gulf  was  formed  over  northern  Utah,  Wyoming  and 
Southei*n  Montana  (Scott). 

The  formation  of  this  Cretaceous  peneplain  was  succeeded  by  a 
reelevation,  and  the  surface  which  is  now  Virginia  was  gradually 


Digitized  by 


Google 


ADDRESS  BT  ALPHECS  8.  PACKARD.  385 

raised  to  a  height  of  1400  feet,  and  again  the  sluggish  rivers  of 
the  Cretaceous  times  were  revivified,  cutting  through  the  harder 
strata  forming  the  walls  of  the  longitudinal  valleys  and,  widening 
into  broad  estuaries,  emptied  into  th3  Atlantic. 

In  the  Eocene  tertiary  as  Willis  tells  us  :  *'The  swelling  of  the 
Appalachian  dome  began  again.  It  rose  200  feet  in  New  Jersey, 
600  feet  in  Pennsylvania,  1700  feet  in  Southern  Virginia,  and 
thence  southward  sloped  to  the  Gulf  of  Mexico."  In  consequence 
of  the  renewed  elevation,  the  streams  were  revived ;  and  Willis 
adds :  "  Once  more  falling  swiftly  they  have  sawed,  and  are  saw- 
ing, their  channels  down,  and  are  preparing  for  the  development  of 
.  a  future  base-level."* 

We  can  in  imagination  see,  as  the  result  of  these  widespread 
physical  changes,  inducing  as  they  must  have  done  the  formation 
of  separate  basins  or  areas  enclosed  by  mountain  ranges,  with  dif- 
ferent climates  and  zones  on  land,  however  uniform  might  have 
been  the  general  temperature  of  the  world  at  that  time  and  the 
other  physical  conditions  of  the  sea, — we  can  imagine  the  profound 
and  deep-seated  influence  thus  exerted  on  the  life- forms  peopling 
the  uneven  surface  of  the  land. 

The  vegetation  of  the  lowlands  was  rich  and  luxuriant,  as  the 
Triassic  (Newark)  coal  deposits  near  Richmond  testify,  and  while 
the  uplands  and  hills  were  probably  clad  with  dense  forests  of  con- 
ifers, on  the  dryer  desert  areas  of  the  peneplain  the  trees  may  have 
been  more  scanty,  like  the  scattered  pines  of  the  dryer  elevated  re- 
gion of  the  southwest,  and  of  the  Great  Basin  at  the  present  day. 
The  distribution  of  the  animal  life  must  have  corresponded ;  one 
assemblage,  especially  the  amphibians,  characterizing  the  hot  and 
humid  lowlands,  another  the  cooler  uplands,  while  already  perhaps 
a  few  forms  became  adapted  to  the  more  arid  desert  areas,  as  is 
the  case  now  in  Australia,  which  is  in  a  sense  a  Mesozoic  conti- 
nent. 

Similar  subsidences  and  elevations  changed  the  Jurassic  map  in 
Eurasia.  This  continent  was  already  a  land  mass  of  great  extent, 
and  fresh-water  lakes  extended  across  Siberia,  and  in  China  were 
extensive  swamps  and  submerged  lands,  now  represented  by  coal 
fields.  Afterwards  in  the  middle  Jura  this  continent  subsided,  and 
the  Jurassic  sea  covered  the  greater  part  of  Europe  and  Asia,  this 
being,  according  to  Neumayr,  ^'one  of  the  greatest  transgressions 

^  Quoted  from  Scott*B  Introduction  to  Geology,  p.  843. 
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of  the  sea  in  all  recorded  geological  history."  Subsidences  and 
elevations  resulted,  it  is  supposed,  in  cutting  off  India  from  Eurasia 
so  that  the  strait  or  sea  covered  the  site  of  the  Himalayas,  and  In- 
dia was  possibly  joined  to  Australia,  the  Malaysian  peninsula 
forming  the  connecting  link ;  or  perhaps  it  stretched  to  the  south- 
westward  and  was  joined  to  South  Africa.  However  this  may  be, 
it  is  sufficient  for  our  present  purpose  that  these  vast  changes  in 
the  relative  position  of  land  and  sea  were  productive  of  a  corre- 
sponding amount  of  variation  and  perhaps  of  immigration  and  con- 
sequent isolation.  At  all  events  throughout  the  Jurassic  seas  as  a 
whole  there  seemed  to  have  been  remarkable  faunal  differences. 
This  led  Neumayr,  in  which  he  is  followed  by  Kayser,^  to  conceive 
that  there  were  already  in  Jurassic  times  climatic  zones,  corres- 
ponding to  the  boreal,  polar,  north  and  south  temperate,  and  trop- 
ical zones  of  the  present  day.  If,  however,  with  Scott,  we  reject 
this  view,  and  substitute  for  it  the  supposition  that  ^Hhe  marked 
faunal  differences  are  due  to  varying  facies,  depth  of  water,  char- 
acter of  bottom,  etc.,  and  even  more  to  the  partly  isolated  sea-ba- 
sins and  the  changing  connections  which  were  established  between 
them,"  it  is  of  nearly  the  same  import  to  the  geological  biologist, 
for  these  varying  conditions  of  the  Jurassic  ocean-bottom  could  not 
have  been  without  their  influence  in  causing  variation,  modification 
and  adaptation  to  this  or  that  set  of  conditions  of  existence. 

Turning  now  to  the  effects  of  the  Appalachian  revolution  on 
the  life  of  that  time,  we  see  that  the  biological  results  were,  in  the 
main,  in  conformity  with  the  geological  changes.  During  the 
carboniferous  period  vertebrates  with  limbs  and  lungs  appeared, 
t.  e.,  the  labyrinthodonts  or  Stegocephala.  They  were,  compared 
with  the  other  orders  of  their  class,  the  most  composite  and  highly 
organized  of  the  Amphibia. 

Throughout  the  long  period  of  comparative  geological  quiet, 
those  long  ages  of  preparation  which  ended  in  the  crisis  or  cata- 
clysm which  closed  the  Paleozoic,  the  amphibian  type  was  slowly 
being  evolved  in  the  swamps  and  bayous  of  the  lowlands  of  the 
Devonian,  whose  vegetation  so  nearly  anticipated  that  of  the  car- 
boniferous, from  some  Devonian^  or  late  Silurian  ganoids,  from 
which  diverged  on  the  one  hand  Dipterus  and  the  colossal  lung-fish 

»  Text  book  of  Comparative  Geology,  translated  and  edited  by  Philip  Lake,  pages 
270,271. 

«  Certain  footprints  recently  discovered  in  the  upper  Devonian  show  that  the  type 
had  become  established  then,  at  least  vertebrates  with  legs  and  toes. 


Digitized  by 


Google 


ADDRK8S   BY    ALPHKU8    S.    PACKARD.  837 

(Dinichthys  and  Titaniehthys)  of  the  Devonian,  and  perhaps  on 
the  other  the  labyrinthodonts,  which  may  have  sprung  from  some 
crossopterygian  fish  like  Polypterus,  and  whose  pectoral  and  ven- 
tral fins  became  adapted  for  terrestrial  locomotion.  The  type 
evidently  was  brought  into  being  provoked  by,  and  at  the  same 
time  favored  by  the  great  extent  of  low  coastal  swampy  land  and 
bodies  of  fresh  water  which  bordered  the  Atlantic  seaboard  from 
the  Silurian  time  on. 

How  the  amphibian  type  arose  from  the  ganoid  stock  is  a  matter 
of  conjecture.  It  may  however  be  surmised  that  certain  of  the 
lung-fishes  or  forms  like  them,  adapted  for  breathing  the  air  direct 
when  out  of  the  water  in  the  dry  season,  instead  of  remaining  in 
their  mud  cells  waiting  for  the  rains  to  fill  the  lakes  or  swell  the 
rivers,  attempted,  like  the  Anabas,  or  climbing  fish,  to  migrate  in 
schools  overland ;  or,  like  that  fish,  which  is  said  to  have  become 
"  so  thoroughly  a  land  animal  that  it  is  drowned  if  immersed  in 
water,*'*  it  may  have  become  confined  to  the  land,  and  losing  its 
gills,  used  its  lungs  only.  As  the  final  result  of  its  efforts  to  walk 
over  the  damp  soil  and  mud  of  swampy  regions,  the  uniaxial  fins 
may  have  developed,  through  the  strains  and  pressures  of  support- 
ing tlie  clumsy  body,  into  props  with  several  leverage  systems ; 
the  basalia  instead  of  remaining  in  one  place  as  in  a  fish's  fin, 
spreading  out  and  becoming  digits  to  support  the  weight  and 
steady  the  body  while  walking.  This  process  was  not  confined  to 
one  or  to  a  few  individuals,  but  as  Lamarck  insists  in  the  cases  he 
mentions,  it  affected  all  the  individuals  over  a  large  area.  Those 
individuals  with  incipient  limbs  became  erased  or  swamped,  and  we 
find  no  trace  of  them  in  the  strata  yet  examined. 

Thus  far,  indeed,  Paleontology  is  silent^  as  to  the  mode  of  origin 
of  the  amphibian  limb,  as  it  is  concerning  the  origin  of  arthropod 
limbs  from  the  parapodia  of  annelids.  Unfortunately,  and  this 
is  still  a  weak  point  in  the  evolution  theory,  nowhere  do  we  find, 
unless  we  except  the  Archseopteryx,  clear  examples  of  any  inter- 
mediate fonns  between  one  class  and  another ;  each  species  as  far 
as  its  fossil  remains  indicate  seems  adapted  to  its  environment. 

1  Parker  and  Hasweirs  Text  book  of  ZoClogy,  vol.  11,  p.  230. 

>  Paleontology  Is  also Equally  silent  as  to  the  origin  of  plesiosaars  and  IchthyosaarB 
from  their  terrestrial  dlgltlgrade  forebears;  though  In  Archreopteryx  we  have  an 
unusually  suggestive  combination  of  reptilian  and  avian  features.  Certain  Therio- 
dontla  point  with  considerable  certainty  to  the  incoming  of  mammals  such  as  the 
Echidna  and  duckbill,  but  as  to  the  steps  whicli  led  to  the  origin  of  brachiopods, 
echinoderms,  trilobltes,of  Slrenians  and  of  whales  paleontology  affords  no  indications. 
A.  A.  A.  8.  VOT..  XLVII  22 
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There  are  numerous  cases  of  vestigial  structures,  but  no  rudi- 
mentary ones  showing  distinct  progressive  steps  in  a  change  of 
function.  Hence  arises  the  very  reasonable  view  held  by  some 
that  nature  may  make  leaps,  and  that  new  adaptations  or  organs 
may  be  suddenly  produced.  No  inadapted  plant  or  animal  as  an 
entire  organism  has  ever  been  observed  either  among  fossils  or  ex- 
isting species.  Man  has  some  seventy  vestigial  structures,  but  his 
body  as  a  whole,  notwithstanding  the  disadvantages  of  certain 
useless  vestiges,  is  in  adaptation  to  his  physical  and  mental  needs. 

While  the  true  carboniferous  labyrinthodonts  were  few  and  gen- 
eralized, with  gills  and  four  legs,  already  in  the  Permian,  where 
we  meet  with  some  thirty  forms  in  the  Ohio  beds  alone,  and  about 
as  many  in  Bohemia,  a  great  modification  and  specialization  had 
taken  place.  Forms  like  Peleon  and  Branchiosaurus  had  gills  and 
four  legs ;  others  were  like  our  lizards,  as  in  Keraterpeton ;  Den- 
drerpeton  and  Hylonomus  of  Nova  Scotia  were  more  lizard-like 
and  with  scales ;  others  perhaps  swam  by  means  of  paddles  as  in 
Archegosaurus ;  others  like  the  "  Congo  snake  "  were  snake-like 
with  small  weak  legs,  as  CEstocephalus  ;  some  had  gills  but  no  legs, 
as  in  Dolichosoma,  while  in  others  the  limbless  body  was  snake-like 
and  scarcely  larger  than  earth  worms,  as  in  Phlegethontia  of  the 
Ohio  and  Ophiderpeton  of  the  Bohemian  coal  measures. 

Already,  then,  in  Permian  times  the  stegocephalous  type  showed 
signs  of  long  occupation,  old  age  and  degeneration.  The  process 
of  degeneration  and  reduction  in  and  loss  of  limbs  may  have  been 
initiated  as  far  back  as  the  closing  centuries  of  the  Devonian. 

The  effect  of  the  Appalachian  revolution  and  corresponding 
physical  changes  in  Europe,  was  by  no  means  disastrous  to  the 
Stegocephala,  for  those  of  the  Liassic,  where  the  conditions  must 
have  been  more  formidable  to  terresti'ial  vertebrate  life,  were 
abundant,  and  in  some  cases  at  least  colossal  in  size.  Whether 
the  salamanders,  coBcilians,  sirens,  and  Amphiuma  of  present 
times  are  persistent  types,  survivors  of  Carboniferous  times,  or 
whether  the  process  of  modification  has  been  accomplished  a  sec- 
ond time  within  the  limits  of  the  same  class  is  perhaps  a  matter 
for  discussion. 

Besides  the  introduction  antl  elaboration  of  the  air-breathing, 
four-footed  labyrinthodonts,  the  slouglis  and  sluggish  streams 
were  alive  with  Naiadites  and  its  allies,  forerunners  of  the  Union- 
idfle,   an^   with   them   lived  shelled  Phyllopods,    Estheria  having 
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already  appeared  in  the  Devonian,  Leaia  appearing  in  the  Carbonif- 
erous ;  and  also  the  larvae  of  aquatic  net- veined  insects,  fragments 
of  the  imagines  of  which  were  detected  by  Hartt  at  St.  John, 
New  Brunswick. 

The  coal-bearing  strata  are  largely  fresh-water  beds  of  fine 
shale  and  well  calculated  to  preserve  the  hanl  parts  of  delicate 
animals,  but  on  general  grounds  it  is  evident  that  the  great  extent 
of  low  lands  with  extensive  bodies  of  fresh  water,  communicating 
with  the  shallow  sea,  was  most  favorable  to  the  development  and 
dififerentiation  of  terrestrial  life.  Though  fresh- water  and  land 
shells  (pnlmonates)  appeared  in  the  Devonian,  they  were  appar- 
ently more  abundant  in  the  coal  period.  Especially  rapid  was  the 
incoming  of  the  arthropods ;  both  diplopods,  some  of  them  very 
remarkable  forms,  and  chilopo<ls,  lived  sheltered  under  the  bark 
of  colossal  lycopods ;  with  them  were  associated  scorpions,  har- 
vestmen  and  spiders.  The  great  profusion  of  net- veined  insects 
discovered  at  Commentry,  France,  shows  that  this  was  the  age  of 
the  lower  more  generalized  or  heterometab  ^lous  insects,  such  as 
cockroaches,  and  other  Orthoptera,  of  Eugereon,  may-flies  and  pos- 
sibly dragon-flies,  etc.,  our  wingless  stick-insects  being  then  repre- 
sented by  winged  ancestors.  At  this  time  also  began  the  existence 
of  insects  with  a  complete  metamorphosis,  as  traces  of  true  Neu- 
roptera  and  the  elytra  of  a  beetle  have  been  detected  in  Europe. 
But  thus  far  no  relics  of  flowers  or  of  the  insects  which  visit 
them  have  been  discovered  in  Carboniferous  times,  not  even  in 
the  Permian,  so  that  the  origin  of  insects  with  a  complete  meta- 
morphosis, such  as  moths,  ants  and  flies,  may  be  attributed  to 
the  new  order  of  things,  geographical  and  biological,  immediately 
following  the  Appalachian  revolution. 

We  do  not  wish  to  be  understood  as  implying  that  the  origin  of 
new  orders  and  classes  is  directly  due  to  geological  crises  or  cata- 
clysms themselves.*     On  the  contrary  the  initial  steps  seem  to  have 

^I  find  that  Wood  has  already  expreesed  the  eame  idea  more  fully,  as  follows: 
**  Both  in  the  palaeozoic  and  secondary  periods,  therefore,  the  complete  changes  in  the 
fauna  which  marked  their  termination  do  not  appear  to  have  been  Immediate  upon 
the  changes  of  the  geographical  aligncment,  but  to  have  required  the  lapse  of  an 
epoch  for  their  fulfilment;  and  the  completeness  of  that  change  is  perhaps  not  less 
the  Indirect  result  of  the  altered  allgnement,  by  the  formation  of  continents  where 
seas  had  been,  and  the  opening  out  of  new  seas  for  the  habitation  of  marine  animals, 
thereby  causing  a  gap  in  the  geological  records  so  far  as  they  have  been  hitherto  dis- 
covered, than  the  direct  result  of  the  changed  conditions  to  which  the  inhabitants  of 
the  seas,  and  even  those  of  the  land,  came  to  be  subject  on  account  of  the  entire 
change  in  the  alignement  of  the  land  over  the  globe.'*     (Phil.  Mag.  xxiii,  I882,p.  881.) 
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been  taken  as  the  result  of  the  gradual  extension  of  the  land 
masses,  and  the  opening  up  of  new  areas ;  it  was  the  period  of 
long  preparation,  with  long-continued  oscillations,  the  slowly  in- 
duced changes  resulting  from  the  reduction  of  the  mountainous 
slopes  to  peneplains,  which  were  most  favorable  to  the  gradual 
modification  of  forms  resulting  in  new  types,  the  gradual  process 
of  extinction  of  useless  and  senile  forms,  and  the  modification  and 
renewal  of  those  which  became  adapted  to  the  new  geographical 
conditions. 

It  should  be  borne  in  mind  that  this  extension  of  the  low  coasts 
of  the  continents  began  in  Ordovician  times,  but  the  remarkable 
expansion  of  our  continent  after  the  Appalachian  revolution, 
rather  than  the  upheaval  of  the  plateau  itself,  so  favorably  affected 
plant  and  animal  life,  that  at  the  dawn  of  the  Mesozoic  a  great 
acceleration  in  the  process  of  type-building  was  witnessed.  More- 
over, it  seems  evident  that  the  variation  which  took  place  at  tbis 
epoch  was  by  no  means  fortuitous,  but  determined  along  definite 
lines  caused  by  the  definite  expansion  of  the  continents,  and  their 
resultant  topography. 

We  have  seen  that  as  a  result  of  the  folding  and  upheaval  of 
the  Appalachians,  there  may  have  been  at  the  beginning  of  Trias- 
sic  time  in  addition  to  the  tropical  lowlands,  a  somewhat  cooler 
upland  zone,  and  possibly  even  snow-clad  mountain  peaks,  with 
glaciers  descending  their  sides,  as  we  may  now  witness  in  New 
Zealand. 

Already  on  Permian  soil  reptiles  were  not  infrequent.  They 
were  generalized  composite  forms  comprising  the  Proganosauria, 
the  forerunners  of  the  Hatteria  of  New  Zealand,  and  the  Therio- 
dontia,  from  which  the  mammals  are  now  supposed  to  have  been 
derived.  They  disappeared  at  the  end  of  the  Triassic,  together 
with  the  labyrinthodonts,  from  which  the  reptiles  are  thought  to 
have  originated.  These  reptiles  having  scaly  bodies  and  claws, 
their  habits  must  have  been  like  those  of  the  lizards  of  to-day,  and 
they  were  adapted  for  hotter  and  dryer,  perhaps  more  elevated 
nreas  than  the  stcgocephalous  amphibians ;  and  these  conditions 
were  fulfilled  in  Triassic  and  Jurassic  times,  when  the  reptilian 
orders  multiplied,  all  the  orders  of  the  class  having  been  differen- 
tiated in  the  Mesozoic  era,  if  not  before. 

The  geographical  features  throughout  the  Mesozoic  were  these : 
more  or  loss  dry  and  broad  plains,  vast  fresh-water  lakes,  uplands 


Digitized  by 


Google 


ADDRESS    BT   ALPHEUS    S.    PACKAKD.  341 

clad  with  coniferous  forests  afterwards  to  be  replaced  by  forests 
of  deciduous  trees ;  flower-strewn  plains  overgrown  with  waving 
grasses,  and  jungles  with  rank  growths  of  bamboo.  We  can, 
without  going  into  detail,  well  imagine  that  the  geographical  fea- 
ures  of  the  mesozoic  continents  were  such  as  to  provoke  the  appear- 
ance of  the  higher  classes  of  vertebrates.  As  the  land  rose  higher 
and  the  low  swampy  coastal  areas  became  more  limited,  this  would 
tend  to  restrict  the  habitat  of  the  stegocephalous  amphibians ;  with 
a  slightly  more  elevated  and  dryer  coast,  the  incoming  and  expan- 
sion of  reptilian  life  were  fostered  ;  with  still  higher  plains  and  hills, 
besides  the  increasing  abundance  of  flowers  and  other  seed-bearing 
plants  and  of  the  insects  which  visit  them,  existence  for  birds  be- 
came possible,  and  with  them  that  of  a  few  scattered  mammals  of 
small  size  and  generalized  structure,  with  similar  insectivorous 
habits. 

During  the  age  of  reptiles,  when  they  swarmed  in  every  jungle, 
throughout  the  forests,  and  over  the  plams,  competition  rose  so 
higli  that  some  of  them  were  forced  to  take  flight,  and  bat-like, 
provided  with  membranous  wings,  the  pterodactyls  lived  in  a  me- 
dium before  untried  by  any  vertebrate,  and  finally  there  appeared 
in  the  Omithostoma  of  the  Cretaceous  a  colossal  flying  reptile,  its 
wings  spreading  twice  as  much  as  any  known  bird,  with  a  head  four 
feet  in  length ;  its  long  toothless  jaws  closing  on  swarms  of  in- 
sects or  perhaps  small  fry  of  its  own  type.  But  the  experiment  in 
point  of  numbers  or  capacity  for  extended  flight  did  not  succeed. 
Another  type  assayed  the  problem  with  better  success.  There  ap- 
peared feathered  and  eventually  toothless  vertebrates  with  the  fore 
extremities  converted  into  pinions  and  the  hinder  ones  retaining  the 
raptorial  reptilian  form  better  adapted  for  aerial  life.  They  eked 
out  a  by  no  means  precarious  existence  on  flying  insects  and 
seeds,  as  well  as  on  the  life  in  the  soil,  or  by  the  seaside,  and  rap- 
idly replaced  certain  older  reptilian  types.  The  class  of  birds  has 
become  about  four  times  as  numerous  as  the  reptiles,  and  outnum- 
bers the  mammnls  nearly  six  times. 

We  may  now  review  the  zoological  changes  which  took  place  at 
the  time  including  the  end  of  the  Paleozoic  and  the  opening  of  the 
Mesozoic.  There  was  an  extinction  of  the  Tetracoralla  and  their 
replacement  by  corals  with  septa  arranged  in  sixes ;  an  extinction 
of  cystidian  and  blastoid  crinoids,  the  dying  out  of  old-fashioned 
crinoids  and  echinoids  (Palseocrinoidea  and  Palaeechinoidea)  fol- 
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lowed  by  tbe  rise  of  their  more  modern  specialized  successors.  As 
rapidly  as  the  brachiopods  became  diminished  in  numbers,  then- 
place  at  the  sea-bottom  was  taken  by  the  more  active  and  in  some 
cases  predatory  bivalve  and  univalve  molluscs.  As  the  trilobites 
became  extinct,  their  place  in  part  was  filled  by  their  probable  de- 
scendants, the  Limuli,  which  had  already  begun  to  appear,  the 
earliest  types  l>eing  Neolimulus,  Exapinurus,  and  other  forms  of 
the  Silurian,  and  Protolimulus  of  the  Devonian.  The  Limuli  of  the 
Carboniferous,  some  with  short  (Prestwichia  and  Euproops)  and 
others  with  long  tail-spines  (Belinurus)  suggest  long  possession 
of  the  soil  and  consequent  variation  and  differentiation 

The  Eurypterida  shared  the  fate  of  the  trilobites,  and  while 
there  was  a  thorough  weeding  out  of  the  more  typical  ganoids, 
leaving  an  impoverished  assemblage  to  live  on  through  after  ages, 
that  singular  primitive  vertebrate  group,  the  Ostracoderrai,  was 
wholly  obliterated. 

On  the  other  hand,  with  the  incoming  of  a  new  order  of  vegeta- 
tion, a  great  outgrowth  of  winged  insects,  the  representatives  of 
the  ordere  of  Lepidoptera  and  Hymenoptera,  now  so  numerous  in 
species,  began  their  existence. 

By  the  close  of  the  Appalachian  revolution,  probably  all  the 
orders  of  insects  had  originated  unless  we  except  the  most  modi- 
fied of  all,  the  Diptera,  whose  remains  have  not  been  detected  be- 
low the  Lias.  With  but  little  doubt  however,  the  eight  orders  of 
holometabolous  insects  diverged  in  the  Permian,  if  not  near  the 
close  of  the  Carboniferous,  from  some  proloneuropter ;  the  progress 
in  the  differentiation  of  genera  and  families  becoming  rapid  either 
during  the  Jurassic  or  directly  after  the  lower  Cretaceous,  or  as 
soon  as  grasses  and  deciduous  trees  became  in  any  way  abundant. 

Very  soon,  too,  after  the  close  of  the  revolution,  the  ancestral 
birds  and  mammals  diverged  from  the  reptiles,  and  of  the  latter  the 
turtles,  plesiosaurs,  ichthyosaurs,  crocodiles  and  dinosaurians,  and 
soon  after  the  pterodactyles,  came  into  existence. 

As  a  result  of  this  levolution  the  moUuscan  type  was  profoundly 
effected,  as  at  the  opening  of  the  Triassic  siphoniate  Pelecypoda, 
opisthobranchiate  Gastropoda,  and  cuttles  or  belemnites  appeared. 
While  a  few  Orthoceratites  lingered  on  after  the  revolution,  the 
ammonites  blossomed  out  in  an  astonishing  variety  of  specific  and 
generic  forms. 

In  summing  up  the  grand  results  of  the  Appalachian  revolution 
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and  of  the  times  immediately  succeeding,  we  shoald  not  lose  sight 
of  the  fact  that  the  changes  in  the  earth's  population  were  due  not 
less  to  biological,  than  geological  and  topographical  factors.  The 
process  of  extinction  was  favored  and  hastened  by  the  incoming  of 
more  specialized  forms,  many  of  them  being  carnivorous  and  de- 
structive ;  as,  for  example,  nearly  all  fishes  and  reptiles  live  on  other 
animals.  The  struggle  for  existence  between  those  which  became 
inadapted  and  useless  in  the  new  order  of  things,  went  on  more  ac- 
tively than  at  present.  The  process  of  extinction  of  the  higher, 
more  composite  amphibians  (the  labyrinthodonts)  was  largely  com- 
pleted by  the  multitude  of  theromorphs  and  dinosaurs  which  over- 
came the  colossal  Cheirotherium,  Mastodonsaurus  and  their  allies.^ 

During  the  centuries  of  the  Trias  the  lowlands  became  crowded, 
and  the  reptilian  life  was  forced  in  some  cases  to  gain  a  livelihood 
from  the  sea,  for  at  this  time  was  effected  the  change  from  small 
terrestrial  reptiles  like  Nothosaurus  to  the  colossal  plesiosaurs  and 
ichthyosaurs ;  in  which  digitate  limbs  were  converted  into  paddles, 
and  the  ocean,  before  this  time  uninhabited  by  animals  larger  than 
ammonites,  cuttles  and  sharks,  began  to  swarm  with  colossal  verte- 
brates, the  increased  volume  of  their  new  and  untried  habitat  re- 
sulting in  a  tendency  to  a  corresponding  increase  in  weight,  just  as 
whales  which  possibly  evolved  from  some  land  carnivore  in  the 
early  tertiary  waxed  great  in  bulk,  the  increase  in  size  perhaps 
having  been  due  to  the  great  volume  of  their  habitat,  the  ocean. 

Nothing  so  well  illustrates  the  advantage  to  an  incipient  type  as  en- 
tering a  previously  uninhabited  topographical  area  or  a  new  medium, 
such  as  the  air,  in  the  case  of  the  pterodactyles,  the  first  vertebrates 
to  solve  the  problem  of  aerial  flight.  Originating  and  prospering 
in  the  early  Mesozoic,  they  held  their  own  through  the  Cretaceous, 
where  at  their  decline  they  became,  as  in  Ornithostoma,  colossal 
and  toothless.  We  can  imagine  that  the  demise  of  this  type  was 
assisted  in  two  ways :  those  with  a  feebler  flight  succumbed  to  the 
agile,  tree  climbing  dinosaurs ;  while  the  avian  type  waxing  stronger 

» After  writing  the  above  lines  I  find  the  same  view  expressed  In  Woodwoi-th's 
Base  levelling  and  organic  evolution,  lie  remarks :  "tlie  exact  c^use  of  their  decline 
is  probably  to  be  sought  in  the  development  of  the  more  powerful  reptilia"  (p.  22ft). 
Regarding  the  circumstances  favorable  to  reptilian  life,  he  also  states:  "In  the  devel- 
opment of  the  peneplain  from  the  high  relief  of  the  Fermian  and  again  at  the  close  of 
the  Jura-Trias,  the  widening  out  of  the  lowland,  with  plains  and  Jungles,  near  tide- 
level,  followed  by  depression  of  the  land,  must  have  highly  favored  the  water-loving 
reptilia.  It  is  to  these  geographical  circumstances,  I  think,  that  we  must  look  for  our 
explanation  of  the  remarkable  history  of  this  class  in  Mesozoic  times"  (p.  226). 
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in  numbers  and  power  of  flight  and  exceeding  in  intelligence,  ex- 
hausted the  food  supply  of  volant  insects,  and  drove  their  clumsier 
reptilian  cousins  to  the  wall,  fairly  starving  them  out;  just  as  at 
the  present  day  the  birds  give  the  bats  scarcely  a  raUon  d*etre. 

3.  The  Pacific  Coast  Revolutions, —  It  has  long  been  known  that 
there  are  a  greater  number  of  insect  faunae  on  the  Pacific  coast  and 
greater  variation  of  species,  with  more  local  varieties  than  east  of 
the  Mississippi  river.  It  has  also  been  shown  by  Gilbert  and  Ever- 
mann,  as  well  as  by  Eigenmann,  to  apply  to  the  fishes  of  the  Co- 
lumbia and  Frazer  river  basins.  "  Nowhere  else  in  North  America," 
says  the  latter,  "  do  we  find,  within  a  limited  region,  such  exten- 
sive variations  among  fresh  water  fishes  as  on  the  Pacific  slope." 
He  also  points  out  the  noteworthy  fact  that  the  fauna  is  new  as 
compared  with  the  Atlantic  slope  fauna,  and  ''has  not  yet  reached  a 
stage  of  stable  equilibrium."  As  previously  shown  by  Gilbert  and 
Evermann,  ''  each  locality  has  a  variety  which,  in  the  aggregate,  is 
different  from  the  variety  of  every  other  locality ;"  and  he  adds : 
"  the  climatic,  altitudinal  and  geological  differences  in  the  differ- 
ent streams,  and  even  in  the  length  of  the  same  stieam,  are  very 
great  on  the  Pacific  slope." 

11  is  evident  that  the  variations  are  primarily  due  to  the  broken 
nature  of  the  Pacific  coast  region,  and  to  the  isolation  of  the  ani- 
mals in  distinct  basins  more  or  less  surrounded  by  high  mountain 
barriers,  with  different  zones  of  temperature  and  varying  degrees 
of  humidity. 

As  brought  out  by  the  labors  of  LeConte,  Diller,  and  Lindgren, 
the  Sierra  Nevada  region  has  undergone  cycles  of  denudation,  and 
these  changes,  occurring  later  than  those  of  the  Appalachian  re- 
gion, have  doubtless  had  much  to  do  with  the  present  diversified 
and  variable  fauna.  The  latest  writer,  N.  F.  Drake,^  states  that  the 
western  slope  of  the  Sierra  Nevada  "  was  piobably  once  a  region 
worn  down  almost  to  base  level  or  to  a  peneplain.  By  the  uplift 
of  the  mountains  a  great  fault  was  developed  along  the  eastern 
face  and  the  whole  Sierra  crust-block  tilted  to  the  westward.  The 
streams  quickened  by  the  uplift  again  set  to  work  on  the  peneplain 
and  carried  it  to  its  present  condition." 

LeConte^  states  that  the  Sierra  Nevada  was  upheaved  at  the  end 
of  the  Jurassic  period.  This  corresponded  to  the  Appalachian 
revolution  which  occurred  at  the  end  of  the  Paleozoic  era. 

» The  topojjrraphy  of  California.   Journ.  of  Geology,  v.,  Sept.— Oct.  1897,  p.  568-^78. 
a  Bulletin  Geol.  Soc.  Amer.  11,  pp.  327-328. 
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*'  But  doriDg  the  long  ages  of  the  Cretaceous  and  Tertiary  this  range  was 

cut  down  to  very  moderate  height Tlie  rivers  by  long  work  had 

finally  reached  their  base-levels  and  rested.    The  scenery  had  assumed  all 

the  features  of  an  old  topography,  with  Its  gently  flowing  curves 

At  the  end  of  the  Tertiary  came  the  great  lava  streams  running  down  the 
river  channels  and  displacing  the  rivers;  the  heaving  up  of  the  Sierra 
crust-block  on  its  eastern  side,  forming  the  great  fault-cliff  there  and 
transferring  the  crest  to  the  extreme  eastern  margin ;  the  great  increase 
of  the  western  slope  and  the  consequent  rejuvenescence  of  the  vital  en- 
ergy of  the  rivers;  the  consequent  down-cutting  of  these  to  form  the 
present  deep  canyons  and  the  resulting  wild,  almost  savage,  scenery  of 
these  mountains." 

This  view  is  further  carried  out  by  J.  S.  Diller,  from  his  studies 
of  the  Dorthern  part  of  the  Sierra  Nevada,  including  the  borders  of 
the  Sacramento  valley  and  the  Klamath  mountains.  He  shows  that 
northern  California,  during  the  earlier  portion  of  the  auriferous 
gravel  period,  was  by  long* continued  degradation  worn  down  to 
base-level  conditions.  "The  mountain  ranges,"  he  says,  "were 
low,  and  the  scenery  was  everywhere  characterized  by  gently  flow- 
ing slopes."  .... 

*'  The  topographic  revolution  consisted  in  the  development  out 
of  such  conditions  of  the  conspicuous  mountain  ranges  of  to-day. 
The  northern  end  of  the  Sierra  Nevada  has  since  been  raised  at 
least  4,000  feet,  and  possibly  as  much  as  7,000  feet,  and  a  fault 
of  over  3,000  feet  developed  along  the  eastern  face  of  that  por- 
tion of  the  range  "* 

According  to  Lindgren  the  Sierra  Nevada  was  eroded  to,  or 
almost  to,  a  peneplain  during  Cretaceous  times,  and  the  mountains 
elevated  in  a  later  Cretaceous  period  were  worn  down  during  Ter- 
tiary times  merely  to  a  gentle  topography. 

The  other  post-cretaceous  changes  of  this  vast  region  are  thus 
summarized  by  Scott  from  the  results  of  Pacific  coast  geologists. 
In  the  Eocene  a  long  narrow  bay  occupied  the  great  valley  of 
California  extending  northward  into  Oregon  and  Washington.  At 
the  end  of  the  EkKjene  or  early  in  the  Miocene  an  elevation  in  Cal- 
ifornia shifted  the  shore  line  far  to  the  west.  In  the  Miocene  the 
Coast  range  formed  a  chain  of  reefs  and  islands,  and  at  the  close 
an  upturning  and  elevation  of  the  mountain  range  took  place, 
though  it  became  higher  afterwards.  The  Coast  range  sank  again 
early  in  the  Pliocene  and  the  San  Francisco  peninsula  was  an  area 
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of  subsidence  and,  maximum  deposition  forming  the  thickest  mass 
(58,000  feet)  of  Pliocene  in  North  America.  The  mountains  of 
British  Columbia  are  believed  to  have  been  at  a  higher  level  than 
now,  as  it  is  supposed  that  Vancouver  and  Queen  Charlotte  Islands 
probably  formed  part  of  the  mainland. 

At  or  near  the  close  of  the  Pliocene  the  Sierra  Nevada  increased 
in  height  by  the  tilting  of  the  whole  block  westward.  New  river 
valleys,  cut  through  the  late  basalt  sheets  of  the  Sierras,  are  much 
deeper  than  the  older  valleys  excavated  in  Cretaceous  and  Tertiary 
times,  owing  to  the  greater  height  of  the  mountains  and  to  the 
consequent  greater  fall  of  the  streams.  At  this  time  the  Wasatch 
mountains  and  high  plateaus  of  Utah  and  Arizona  were  again 
upraised,  and  the  great  mountain  barrier  of  the  St.  Elias  in  south- 
eastern Alaska  was  likewise  thrown  up.  At  this  time  also,  or 
perhaps  later,  the  mountains  of  British  Columbia  were  probably 
raised  still  higher  J  It  will  be  seen  from  this  that  the  present 
topography  of  the  western  border  of  our  continent  including  Cen- 
tral America  and  the  Isthmus  of  Panama  belongs  to  a  new  topo- 
graphic era,  and  fully  substantiates  the  view  that  the  fauna  of 
these  regions  is  very  recent  compared  with  that  of  the  Atlantic 
border,  and  that  the  number  of  nascent  or  incipient  species  is 
much  greater. 

4.  The  Upper  Cretaceous  Revolution.  —  Another  profound  and 
epoch-making  change  occurred  at  the  beginning  of  the  Upper 
Cretaceous.  In  Eurasia,  as  Kayser  states,  ''  this  was  one  of  the 
greatest  changes  in  the  distribution  of  land  and  water  over  almost 
the  whole  earth,  that  is  known  in  geographical  history.  Extensive 
areas  which  had  for  long  periods  been  continents  were  now  over- 
flowed by  the  sea  and  covered  with  cretaceous  deposits ;"  the  upper 
Cretaceous  strata  in  certain  areas  in  Germany  and  Belgium  resting 
directly  on  archean  rocks.  In  America  (the  Dakota  stage)  there 
was  also  a  great  subsidence.  The  Atluntic  coastal  plain  was^sub- 
merged  over  what  was  Triassic  soil,  also  the  lowlands  from  New 
Jersey  through  Maryland  to  Florida,  while  the  Gulf  of  Mexico 
extended  northward  and  covered  western  Tennessee,  Kentucky 
and  Southern  Illinois ;  a  wide  sea  connected  the  Gulf  of  Mexico 
with  the  Arctic  ocean,  and  thus  the  North  America  of  that  time 
was  divided  into  a  Pacific  and  nn  Atlantic  land,  the  latter  compris- 
ing the  Precambrian  and  Paleozoic  areas. 

1  Joarnal  Geol.  iv,  pp.  882,  894,  897  and  898.    (Quoted  from  Drake.) 
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As  Scott  states:  '*The  Appalachian  mountains,  which  had 
been  subjected  to  the  long  continued  denudation  of  Triassic, 
Jurassic,  and  Lower  Cretaceous  times,  were  now  reduced  nearly  to 
base-level,  the  Kittatinny  plain  of  geographers.  The  peneplain  was 
low  and  flat,  covering  the  whole  Appalachian  region,  and  the  only 
high  hills  upon  it  were  the  mountains  of  Western  North  Carolina, 
then  much  lower  than  now.  Across  this  low  plain  the  Delaware, 
Susquehanna  and  Potomac  must  have  held  very  much  their  present 
courses,  meandering  through  alluvial  flats"  (p.  481).  An  eleva- 
tory  movement  began  in  the  succeeding  or  Colorado  epoch,  and 
this  was  succeeded  by  an  uplift  on  the  Atlantic  and  Gulf  coasts, 
and  the  continued  upheaval  in  the  interior  resulted  in  the  deposition 
of  the  Laramie  brackish  and  fresh- water  beds.  There  were  simi- 
lar widespread  subsidences  and  upheavals  in  South  America,  the 
Andean  chain  being  in  large  part  upheaved  at  the  close  of  tiie 
Cretaceous. 

In  the  Cretaceous  period  there  were  such  differences  in  the  dis- 
tribution of  the  fossils  as  to  lead  Romer,  from  his  explorations  in 
Texas  as  early  as  1852,  to  consider  that  the  resemblance  of  the 
fossils  of  Texas,  Alabama  and  Mexico,  with  the  West  Indies  and 
Columbia,  to  those  of  Southern  Europe  were  due  to  differences  of 
climate,  a  view  reiterated  by  Kayser  (p.  283).  Scott  also  states 
that  the  Lower  Cretaceous  beds  of  Texas  show  faunal  resem- 
blances which  ally  them  to  the  Portugal  and  Mediterranean  beds, 
while  the  faunal  relations  of  South  American  lower  Cretaceous 
strata  are  closely  like  those  of  northern  and  western  Africa. 

The  biological  changes  at  the  beginning  of  the  Upper  Creta- 
ceous were  correspondingly  notable.  Vast  forests  of  conifers, 
palms,  and  especially  of  deciduous  trees,  such  as  the  oak,  sassa- 
fras, poplar,  willow,  maple,  elm,  beech,  chestnut,  and  many  others, 
clothed  the  uplands,  while  in  the  jungles,  on  the  plains  and  in  the 
openings  of  the  forests  gay  flowers  bloomed.  The  flora  must  even 
then  have  been,  comparatively  speaking,  one  of  long  existence, 
because  highly  differentiated  composite  plants,  like  the  sunflower, 
occur  in  the  upper  Cretaceous  or  Raritan  clays  of  the  New  Jersey 
coast.  It  may  be  imagined  that  with  this  great  advance  in  the 
vegetables,  the  higher  flower-visiting  insects  must  have  corres- 
pondingly multiplied  in  number  and  variety. 

While  the  changes  of  level  did  not  affect  the  abysses  of  the  sea, 
the  topography  of  the  shallows  and  coast  was  materially  modified. 
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and  to  this  was  perhaps  largely  due  the  extinction  of  the  ammon- 
ites and  their  allies.^  It  is  not  impossible  that  the  uncoiling  of 
the  ammonites  into  forms  like  Seaphites,  Crioceras,  Helioceras, 
Turrilites  and  Baculites,  were  originally  perhaps  distortions  due 
to  physical  causes  somewhat  similar  to  those  which  produced  a 
loosening  or  uncoiling  of  the  spire  in  Planorbis.  These  variatione 
or  distortions  of  the  pond  snail,  signs  of  weakness,  the  result  either 
of  pathological  conditions  or  of  senility,  were  due  to  unfavorable 
changes  in  the  environment,  such  as  either  a  freshening  of  the 
water  or  some  other  chemical  alteration  in  the  relative  amount  of 
alkalines  and  salts.  The  changes  in  the  ammonites,  though  more 
remarkable,  are  similar  to  the  aberrations  obsei*vable  in  the  shells 
of  the  upper  and  later  layei-s  of  the  Steinheim  deposits,  made 
known  to  us  by  Hilgendorf.  Sandberger,  and  more  especially  by 
the  detailed  and  masterly  researches  of  Professor  Hyatt. 

In  this  case  the  Miocene  tertiary  Planorbis  Iceiis  was  supposed 
to  have  been  carried  into  a  new  lake,  before  untenanted  b}'  these 
shells.  Although  from  some  unknown  cause  the  lake  was  unfa- 
vorable to  the  production  of  normal  Imvis,  whose  descendants  show 
the  results  of  accidents  and  disease,  yet,  owing  to  isolation,  which 
prevented  intercrossing  with  the  present  stock,  and  to  the  freedom 
from  competition,  the  species  was  very  prolific,  and  the  lake  be- 
came stocked  with  a  multitude  of  more  or  less  aberrant  forms  con- 
stituting tnew  species.  Some  of  them  are  nearly  normal,  with  a 
flat  spire,  others  are  trochiform,  and  others  entirely  unwound  or 

1  After  preparing  this  address  I  find  that  Wood  tliirty-six  years  ago  more  fully  dis- 
cassed  this  matter  and  mentions  the  same  cause  I  have  nuggested.  *'  This  disappear- 
ance/* he  says,  "  of  the  Ammonitidas  and  preservation  of  theNautUidae,  wemay  infer 
was  due  to  the  entire  change  which  took  place  in  the  condition  of  the  shores  at  the  close 
of  the  cretaceous  period;  and  this  change  was  so  complete,  that  such  of  the  shore 
followers  as  were  unable  to  adapt  themselves  to  it  succumbed,  while  the  others  that 
adapted  themselves  to  the  change  altered  their  specific  characters  altogether.  The 
Nautiiida?  having  come  into  existence  long  prior  to  the  introduction  of  the  Ammo- 
nidae,  and  having  also  survived  the  destruction  of  the  latter  family,  must  have  pos- 
sessed In  a  remarkable  degree  a  power  of  adapting  themselves  to  altered  conditions." 
On  the  other  hand  the  dibranchiate  cephalopoda  (cuttles  or  squidn),  living  in  deeper 
water,  being  "ocean-rangers,"  were  quite  independent  of  such  geographical  changes. 
Wood  then  goes  on  to  say  that  the  disappearance  of  the  tetrabranchiate  group 
affords  a  clew  to  that  of  the  mesozoic  saurians,  and  also  of  cestraoiont  sharks,  whose 
food  probably  consisted  mainly  of  the  tetrabranchiate  cephalopods.  "Now  the  disap- 
pearance of  the  Tetrabranchiata,  of  the  cestracionts  and  of  the  marine  saurians,  was 
contemporaneous;  and  we  can  hardly  refuse  to  admit  that  such  a  triple  destruction 
must  have  arisen  either  from  some  common  cause  or  from  these  forms  being  success- 
ively dependent  for  existence  upon  each  other."  He  also  suggests  that  the  develop- 
ment of  the  cuttles  "has  been  commensurate  with  that  of  the  cetacean  order,  of  some 
of  which  they  form  the  food.    (Phil.  Mag.  xxiii,  1862.  p.  384.) 
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corkscrew-shaped.  Similar  aberrations  occur  in  Planorbis  com- 
planatus^  living  in  certain  ponds  in  Belgium  (Magnon)  ;  in  the 
slightly  twisted  Planorbid,  HeUsoma  plexata  Ingersoll  of  St.  Mary's 
Lake,  Antelope  Park,  Colorado,  and  in  the  unwound  forms  of  Val- 
vata  firet  found  by  Hartt  in  Lawlor's  Lake  near  St.  John,  New 
Brunswick,  and  described  by  Hyatt.  ^  In  all  these  cases  of  par- 
allelism or  convergence  the  aberrations  seem  to  have  been  due  to 
some  unusual  condition  of  the  water  adverse  to  normal  growth. 
Hence  it  is  not  impossible  that  the  singular  uncoiled  or  straight 
forms  assumed  by  certain  of  the  Ammonites  when  on  the  verge  of 
extinction,  were  likewise  cases  of  convergence  and  due  to  weak- 
ness or  senility,  or  at  least  to  an  unusual  and  unfavorable  condi- 
tion of  the  seas  in  which  they  lived. 

The  physical  causes  of  extinction  of  the  mesozoic  reptiles  may 
also  have  been  due  to  or  connected  with  the  changes  of  coast  level, 
although  signs  of  weakness  and  senility  are  exhibited  "by  these. 
In  the  Como  or  Atlantosaurus  beds  referred  by  Scott  to  the  lower 
Cretaceous  rather  than  Jurassic,  the  ichthyosaur  {Sauranodon 
natans)  was  toothless,  while  the  colossal  Cretaceous  pterodactyle, 
Omithostoma  (Pteranodon)  was  entirely  lacking  in  teeth. 

The  colossal  Pythonomorpha,  offshoots  of  terrestrial  lizards, 
but  with  paddles  adapting  them  for  marine  existence,  succeeded 
the  plesiosaurs,  and  may  have  materially  aided  in  their  extinction. 
Hence  arises  the  question.  Did  the  extinction  of  the  marine  rep- 
tiles result  in  or  contribute  to  the  great  increase  of  teleost  fishes? 

Before  the  dinosaurs  began  to  die  out  the  type  in  part  became 
specialized  into  lizard-like  tree-climbing  forms,  and  agile  bird-like 
forms.  The  first  birds  of  the  Cretaceous  were  toothed,  carinate, 
highly  predaceous  forms,  with  a  retrogressive  side-branch  of  wing- 
less diving  birds,  represented  by  the  colossal  Hesperornis,  but  in 
this  case  the  loss  of  teeth  was  undoubtedly  a  gain  to  the  type, 
compensation  for  the  lack  of  a  dental  armature  in  the  seed-^eating 
birds  being  shown  in  the  elaboration  of  a  gizzard. 

5.  Geological  Changes  in  the  Tertiary. — Here  again  we  have,  as 
in  former  periods,  a  succession  of  earth-movements,  subsidences  in 
one  region  and  elevations  in  another,  though  apparently  more  lim- 
ited in  extent  than  before,  the  oscillatory  movements  being  rather 
confined  to  coastal  areas,  and  involving  adjacent  shallow  seas, 

1  Annual  Report  of  Hayden's  TJ.  S.  Geol.  and  Geogr.  Survey  Territories  for  1874, 
Washington,  1876,  p.  4(a. 


Digitized  by 


Google 


350  SECTION    F. 

there  being  frequent  alternations  of  marine  with  brackish  and  fresh 
water  beds.  As  Kayser  remarks,  the  tertiary  deposits  "no  longer 
extended  unaltered  over  whole  countries  like  those  of  older  systems, 
but  generally  occupy  only  smaller  basin  or  bay-like  areas,  filled  up 
inland  seas  or  shallow  gulfs"  (p.  328) .  Towards  the  close  of  the 
Tertiary  the  great  mountain  ranges  of  Asia  and  Europe,  the  Alps, 
Pyrenees,  Caucasus,  Himalayas,  as  well  as  the  Atlas,  and  the  Cordil- 
lera of  North  and  South  America  were  upheaved.  The  old  Tertiary 
nummulitic  beds  were,  in  the  western  Alps,  raised  to  a  height  of 
11,000  feet  and  the  Himalayas  to  a  horizon  16,000  feet  above 
the  sea,  while  there  were  corresponding  elevations  in  Western 
North  America  and  in  the  Rocky  Mountain  region. 

The  evidence  from  fossils  show,  what  has  not  Ijeen  disputed,  that 
climatic  zones  were  by  this  time  established.  In  Europe  the  older 
Tertiary  was  decidedly  troi)ical,  in  the  Miocene  subtropical,  but 
the  climate  of  Europe  was  somewhat  lowered  late  in  the  Miocene, 
as  shown  by  the  absence  of  palms.*  At  the  end  of  the  Tertiary 
I.  e.,  during  the  Pliocene  the  earth's  climate  was  but  slightly  warmer 
than  at  present.  It  should  be  here  noticed  that  while  Greenland, 
Iceland,  Spitzbergen,  and  Grinnell  Land  under  81**  north  latitude, 
were  during  the  late  Tertiary  "abnormally  warm,"  the  tertiary  floras 
of  Northeastern  Asia,  including  those  of  Kamtschatka,  Amurland, 
and  Saghalien,   and  that  of  Japan  ''show  no  sign  of  a  similar 

^Jaeger  suggests  that  the  occurrence  Id  the  later  geological  periods  of  wami. 
blooded  vertebrates,  protected  by  feathers  or  hair,  was  due  to  the  fact  that  the  earth 
then  became  cooler  than  in  tlie  preceding  ages.  His  explanation  of  the  origin  of 
feathers  and  hair  is  as  follows:  "If  the  average  temperature  of  an  animal  body  Is 
considerably  higher  than  that  of  the  surrounding  media,  oscillations  of  these  media 
have  a  stimulating  etfect  upon  the  skin  of  the  animal.  This  lends  to  a  tendency  to  form 
papillary  chorlan  [«tc]  cells,  and  these  afterwards  produce  hair  or  feathers,  which 
represent  two  of  the  most  characteristic  features  of  warm-blooded  animals."  He  adds 
that  this  "  stimulatory  effect  upon  the  skin  can  only  be  due  to  low  temperatures.'* 
The  body  temperature  of  the  birds  and  mammals  being  high  and  the  covering  of  the 
hair  or  feathers  rendering  them  proof  against  the  extremes  of  heat  and  cold,  we  can 
see  that  there  Is  a  coincidence  between  this  and  the  fact  that  these  classes  began  to 
Increase  in  numbers  towards  the  end  of  the  Mesozolc,  and  especially  at  the  opening  of 
the  Tertiary,  when  the  climatic  zones  began  to  be  established.  So  also  In  the  case  of 
whales,  the  loss  of  hair  Is  compensated  for  by  the  blubber.  Why,  however,  feathers 
developed  In  birds,  rather  than  hair,  Is  a' problem  no  one  has  attempted  to  solve; 
though  feathers  of  course  better  adapt  the  bird  for  flight;  no  flightless  birds  having 
such  well  developed  feathers  as  those  capable  of  extended  flight.  See  G.  Jaeger. 
Problems  of  Nature,  Translated  by  Henry  G.  Schllchter,  D.  8.  C,  London,  1897.  p.  68. 
Tt  might  be  suggested  that  the  broad  vane-llke  surface  which  characterizes  feathers 
as  compared  with  hairs  may  have  been  due  to  the  fact  that  they  would  better  support 
the  body  In  flight;  this  difference  from  scales,  as  well  as  their  greater  lightness,  giving 
this  sort  of  armature  an  advantage  over  scales  on  the  one  hand  and  hairs  on  the  other 
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warmth,  but  rather  point  to  a  climate  colder  than  that  of  the  present 
day"  (Kayser,  p.  354)  J 

The  Tertiary  was  apparently  also  a  time  of  more  or  less  inter- 
continental migrations  or  interchange  of  life-forms,  which  crossed 
the  oceans  over  so-called  continental  bridges.  Bering  Strait  was 
at  one  time  such  a  bridge,  and  to  explain  the  geographical  distri- 
bution of  certain  forms,  there  is  thought  to  have  been  a  more 
or  less  coiitinuous  land-connection  between  India  and  Africa,  and 
between  Africa  and  South  America,  and  possibly  in  the  Eocene, 
between  Australia  and  southeastern  Asia. 

However  hypothetical  these  continental  bridges  may  be  we  do 
know  that  Central  America  and  the  Isthmus  of  Panama  were  ele- 
vated at  the  end  of  the  Miocene,  and  that  the  bridge  thus  formed 
between  North  and  South  America  became  an  avenue  for  the  in- 
terchange of  mammals  and  other  animals  which  materially  modi- 
fied the  distribution  of  life  in  the  southern  and  northern  parts  of 
our  continent. 

The  elevation  of  the  West  Indies  took  place  at  this  date,  and 
these  islands  were  peopled  from  the  South  American  coast.  What 
we  already  know  of  the  rapid  evolution  of  molluscs,  insects,  and 
mammals  on  these  islands  shows  how  closely  dependent  variation 
and  adaptation  are  on  isolation  as  well  as  changed  topographic  and 
climatic  features. 

These  problems  have  been  studied  with  great  care  in  the  Hawai- 
ian Islands  by  Gulick,  and  more  recently  by  Hyatt.  As  well 
stated  by  Woodworth :  "  With  the  development  of  the  umbrella- 
shaped  topography  of  the  Island  of  Oahu  the  land  shells  have 
varied  from  a  common  ancestral  coastal  type  to  valley-cradled, 
differentiated  varieties,  in  the  upper  and  disjointed  valleys  of  this 
dismantled,  volcanic  island  cone."^ 

The  limits  of  this  address  do  not  permit  us  to  treat  at  length  of 
the  wonderful  changes,  both  geological  and  zoological,  which  oc- 
curred in  western  America  during  the  Tertiary.  They  are  now 
familiar  to  everyjone.     The  geological  changes  were  very  great  and 

lit  hnsaleobecn  claimetlby  J.  W.  Gregory  that  the  fossil  plants  of  the  Greenland 
mlocene  beds  may  have  been  drifted  from  the  southward,  and  that  the  temperature 
of  the  polar  region  was  not  so  elevated  as  Ilccr  has  led  us  to  suppose.  (Nature,  vol. 
56,  p.  352,  1897.) 

« The  relation  between  base-leveling  and  organic  evolution :  referring  to  T.  T. 
Gollck's  article  in  Proc  Bost.  Hoc.  Nat.  Hist,  xxiv,  1870,  pp.  16tf-7. 
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widespread,  as  shown  by  the  elevation  of  the  land  at  the  close  of 
the  Miocene.  Fragments  of  the  cretaceous  sea-bottom,  with  hori- 
zontal strata,  occur  in  the  Rocky  Mountains  at  a  point  about  1 0,000 
feet  above  the  sea.  The  inland  cretaceous  sea  was  drained  off, 
and  replaced  by  a  series  of  fresh- water  lakes,  beginning  with  the 
Puerco,  or  the  lowest  Eocene  and  ending  with  the  Pliocene  lakes. 

The  most  salient  biological  features  of  the  Tertiary  are  the 
apparently  sudden  appearance  all  over  the  world  of  placental 
mammals,  ending,  if  the  deposits  are  truly  pliocene,  with  the  Java 
Pithecanthropus,  and  at  the  beginning  of  the  Quaternary  with 
paleolithic  man. 

The  question  here  arises  as  to  what  retarded  the  progress  in  the 
mammalian  types,  although  small,  generalized,  feeble  insect-eaters 
had  originated  certainly  in  the  Triassic  and  probably  us  early  as 
the  end  of  tlie  Permian.  We  can  only  account  for  it  by  the  un- 
favorable biological  environment,  by  the  apparently  overwhelming 
numbers  of  mesozoic  reptiles,  adapted  as  they  were  for  every 
variety  of  station  and  soil,  whether  on  land,  in  the  ocean,  in  the 
lakes  and  rivers,  and  even  in  the  air. 

When  the  reptiles  became  partly  extinct,  a  great  acceleration  in 
the  evolution  of  mammals  at  once  resulted.  There  were  now  up- 
land grassy  plains,  bordered  by  extensive  forests,  which  also 
clothed  the  highlands,  and  all  the  geographical  conditions  so  favor- 
able to  mammalian  life  became  pronounced  after  the  Cretaceous 
seas  were  drained  off. 

In  his  admirable  essay  on  the  relation  between  base-leveling  and 
organic  evolution,  which  we  had  not  read  until  after  planning  and 
writing  this  address,  though  following  the  same  line  of  thought, 
Mr.  J.  B.  Woodworth  suggests  that  mammalian  life  in  the  Mesozoic 
was  unfavorably  affected  by  the  peneplain  and  by  reptilian  life. 

*♦  The  weak  marsupial8  or  low  mammals,  which  first  appear  in  this 
country  with  Dromatherium  in  the  tolerably  high  relief  of  the  Trias,  were 
apparently  driven  to  the  uplands  by  the  more  puissant  and  numerous 
reptilia  of  the  peneplain.  Their  development  seems  also  to  have  been  re- 
tarded.** Again  he  says :  "To  sum  up  the  faunal  history  of  the  Mesozoic 
alone,  we  have  seen  that  pari  passu  with  the  creation  of  broad  lowlands 
there  was  brought  on  to  the  stage  a  remarkable  production  of  reptiles,  a 
characteristic  lowland  life ;  and  we  note  that  the  humble  mammalia  were 
excluded  from  the  peneplain  or  held  back  In  their  development,  so  far  as 
we  know  them  by  actual  remains,  during  this  condition  of  affairs  until 
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the  very  highest  Cretaceous.  At  the  close  of  the  Mesozoic,  the  area  of  the 
peneplain  was  uplifted  and  there  came  into  It  the  new  life.  Not  only  the 
changed  geographic  conditions,  but  the  better  fitted  mammalia  also  were 
probably  factors  in  terminating  the  life  of  the  peneplains."* 

After  the  placental  mammals  once  became  established,  as  the  re- 
sult of  favorable  geographical  conditions,  of  migrations,  isolation, 
and  secondarily  of  competition,  the  evolution  as  well  as  the  elimi- 
nation of  forms,  as  is  well  known,  went  on  most  rapidly.  Remains 
of  over  two  thousand  species  of  extinct  mammals  during  tertiary 
times  which  existed  in  America  north  of  Mexico,  have  been  already 
described  where  at  present  there  are  scarcely  more  than  three  hun- 
dred. This  process  of  specialization  involved  not  only  the  length- 
ening of  the  legs,  the  change  from  plantigrade  to  digitigrade,  and 
to  limbs  adapted  for  seizing  and  handling  their  prey  or  food,  or 
ff»r  swimming  and  climbing ;  the  reduction  of  digits ;  tbe  evolution 
of  armatures,  protective  scales,  etc. ;  but  above  all  an  increase  in 
the  mental  capacity  of  the  later  forms,  not  only  of  mammals  but  of 
birds,  as  shown  by  the  progressive  increase  in  size  of  their  brains ; 
those  of  certain  existing  mammals  being  eight  times  as  large,  in 
proportion  to  the  bulk  of  the  body,  as  those  of  their  early  tertiary 
ancestors.  This  of  course  means  that  animal  shrewdness,  cunning 
and  other  intellectual  qualities,  the  result  of  semi- social  attrition 
and  competition,  had  begun  to  displace  the  partly  physical  factors, 
and  in  the  primates  these  may  have  in  the  beginning  led  to  the  ap- 
pearance of  man,  a  social  animal,  with  the  power  of  speech,  and  all 
the  intelligent,  moral  and  spiritual  qualities,  which  perhaps  primarily 
owe  their  genesis  to  increased  brain-power. 

The  three  most  specialized  types  of  mammals  below  man  are  the 
horse,  the  bats,  and  the  whales.  In  the  case  of  the  bats,  which 
appear  in  the  Fk>cene,  nature's  experiment  with  these  mammalian 
aeronauts  succeeded  to  the  extent  that  they  still  exist  in  small  num- 
bers. Late  in  the  Cretaceous  or  very  early  in  the  Eocene,  compe- 
tition apparently  forced  some  unknown  carnivorous  type  to  take 
up  an  aquatic  life,  and  the  great  success  of  the  incoming  cetacean 
type,  resulting  in  the  eocene  zeuglodonts  and  miocene  Squalodon, 
may  have  had  an  influence  on  the  final  extinction  of  the  colossal 
marine  reptiles. 

6.     The  Quaternary  period.  — Coming  now  to  the  glacial  epoch 

1  American  Geologist,  vol.  xiv,  Oct.,  1894.    pp.  809  236. 
A.  A.  A.  8.  VOL.  XLVn  23 
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of  the  Quaternary  period,  we  plainly  see  that  under  the  extreme 
conditions  to  which  life  in  the  Northern  hemisphere  was  exposed 
a 9  never  before,  how  intimate  are  the  relations  of  geology  and 
biology. 

The  rise  of  land  at  the  beginning  of  the  Quaternary,  which  car- 
ried the  land  and  the  life  on  it  up  into  a  cooler  zone,  with  a  mean 
temperature  so  low  that  the  snows  remained  from  century  to  cen- 
tury unmelted,  forming  continental  glaciers,  excited  an  immediate 
influence  on  the  life.  There  were  very  soon  developed  a  circum- 
polar  flora  and  fauna,  originating  from  the  few  Pliocene  forms 
which  became  adapted  to  climatic  conditions  more  extreme  than 
ever  before  known  in  the  world's  history.  While  a  few  forms  thus 
survived,  some  must  have  perished,  though  the  hulk  of  them  mi- 
grated southward. 

The  story  told  by  the  Port  Kennedy  hole,  in  Pennsylvania,  just 
south  of  the  limits  of  the  ice  sheet,  is  a  most  striking  one.  In 
that  assemblage  where  are  intermingled  the  bones  of  mammals 
of  the  Appalachian  subprovince,  with  certain  extinct  forms,  and 
those  of  the  tapir  and  peccary  and  colossal  sloths,  adapted  to  the 
warmth  of  the  pliocene  and  of  the  present  Central  American  region 
we  can  realize  as  never  before  the  immediate  effect  of  a  simple 
though  very  decided  change  of  climate  on  organic  life. 

As  a  result  of  the  submergence  of  the  land  in  the  north  Atlan- 
tic and  Arctic  regions  during  the  Leda  or  Champlain  epoch  suc- 
ceeding, and  the  consequent  amelioration  of  the  climate,  there  was 
a  return  of  a  portion  of  the  pliocene  species  to  the  vast  area,  thus 
freed  from  the  presence  of  land  ice. 

Another  effect  of  change  of  climate  due  to  the  further  upheaval, 
drainage  and  drying  up  of  lakes  and  river  sources  in  the  central 
portions  of  all  the  continents,  was  the  destruction  of  forests  re- 
sulting from  the  drying  up  of  the  lakes  and  streams,  the  forma- 
tion of  vast  internal  desert  regions,  with  the  desert  floras  and 
f aunffi  and  saline  animals  peculiar  to  them  ;  these  are  the  last  steps 
in  geological  history  of  the  origination  of  species,  and  have  been 
taken  almost  under  the  obsen'^ation  of  man.  In  the  origin  of  species 
adapted  to  desert  areas  and  to  salt  lakes,  faunoe  relictce  of  the  lakes 
on  the  elevated  plains  of  Asia,  South  America,  Africa,  Sweden  and 
the  Great  Lake  region,  we  see  that  geographical  isolation  and  the 
absence  of  competition  are  the  primary  factors  in  the  case. 
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In  conclusion,  it  is,  from  the  nature  of  the  case,  notwithstand- 
ing the  imperfection  of  the  geological  record,  apparent  that  the 
fullest,  most  complete  and  convincing  proof  of  organic  evolution 
is  derived  from  the  past  history  of  life,  from  paleontology,  which 
involves  the  fact  of  geological  succession.  Looking  back  for  half 
a  century  we  see  that  organic  evolution  is  a  fact,  and  is  grounded 
and  dependent  on  geological  evolution,  and  the  latter  on  cosmical 
evolution.  Should  we  ever  have  to  abandon  the  principle  of  evo- 
lution we  should  also  have  to  give  up  the  theory  of  gravitation,  the 
principle  of  the  correlation  of  physical  forces,  and  also  the  con- 
ception of  the  unity  of  nature.  All  of  these  principles  are  inter- 
dependent, and  form  the  foundation  stones  of  our  modern  science. 

The  rapid  summary  we  have  given  of  the  successive  changes 
and  revolutions  in  the  earth's  history  and  the  fact  that  they  are 
accompanied  or  followed  by  the  process  of  the  extinction  of  the 
unadapted,  and  their  replacement  by  the  more  specialized  and 
better  adapted,  show  that  there  is  between  these  two  sets  of  phe- 
nomena a  i*elation  of  cause  and  effect. 

Moreover  it  cannot  be  denied  that  the  formation  of  our  solar 
system  in  the  manner  outlined  by  the  founders  of  the  nebular 
hypothesis,  that  the  progressive  changes  in  geology  and  the  earth*s 
topography,  the  gradual  building  up  or  evolution  of  the  continents, 
and  the  increasing  fitness  and  intelligence  of  the  life  on  its  sur- 
face, the  final  outcome  being  man,  whose  physical  development  was 
practically  completed  at  the  beginning  of  the  quaternary  period,  and 
whose  intellectual  and  moral  improvement  have  as  it  were  but  just 
begun  —  the  scientist,  as  such,  can  scarcely  deny  that  this  process 
of  evolution,  along  so  many  lines  and  involving  not  only  material 
but  mental  and  moral  advances,  has  gone  on  in  an  orderly  and 
progressive  way.  The  impression  left  on  the  mind  is  that  all  these 
changes,  inorganic  and  organic,  have  been  purposive  rather  than 
fortuitous,  the  result  of  the  action  of  natural  laws,  impressed  on 
matter  by  an  Intelligence  and  force  outside  of  but  yet  immanent 
in  all  things  material. 

With  Hutton  we  may  say :  '"  We  have  now  got  to  the  end  of 
our  reasoning ;  we  have  no  data  further  to  conclude  immediately 
from  that  which  actually  is.  But  we  have  got  enough, — we  have 
the  satisfaction  to  find  that,  in  Nature,  there  is  wisdom,  system 
and  consistency." 

Here,  as  men  of  science  merely,  we  may  pause  and  confess  our 


Digitized  by 


Google 


356  SECTION    F. 

ignorance  of  the  first  or  ultimate  cause  of  this  progressive  evolu- 
tionary movement  pervading  the  material  universe  and,  suspend- 
ing our  judgment,  assume  an  agnostic  position.  But  the  human 
mind,  even  when  rigidly  scientific  and  logical,  is  so  constituted  that 
few  of  us  are  satisfied  to  stop  here.  He  who  is  most  capable  of 
dariurg  speculation  in  the  realm  of  physical  or  biological  or  philo- 
sophical thought  cannot  refrain  from  inquiring  into  the  nature  of 
the  First  or  moving  cause,  and  how  the  present  order  of  things 
has  been  brought  about. 

As  a  mere  working  hypothesis,  we  are,  at  least  many  of  us, 
compelled  to  assume  that  the  present  order  of  things,  material  and 
immaterial,  is  not  self-evolved,  but  is  the  result  of  an  Infinite 
Intelligence  and  Will  giving  the  initial  impulse,  and  dominating  as 
well  as  guiding  and  coordinating  the  progressive  changes,  whether 
cosmical,  geological  or  biological.  The  fact  of  the  survival  of 
the  fittest,  of  the  extinction  of  the  unfit,  the  conclusion  that 
throughout  the  universe  order  has  arisen  from  chaos  or  the  undif- 
ferentiated, the  specialized  from  the  generalized,  that  the  good,  the 
beautiful,  and  the  true  have  in  tiie  past  overcome  and  will  continue 
to  outweigh  what  is  unfit  and  evil  in  matter,  mind  and  morals,  at 
least  strongly  suggests  that  the  First  Cause  is  not  only  omnipotent 
but  all- wise  and  beneficent.  For  evolution  tends  to  optimism. 
Few  working  biologists  are  pessimistic.  And  thus  while  science 
as  such  is  concerned  with  facts  and  tlieir  relations,  we  can  at  the 
end  of  this  century  of  scientific  effort,  afl3rm  that  it  need  not  be 
and  is  not  opposed  to  whatever  is  noble,  exalted,  hopeful,  and  in- 
spiring in  human  aspirations,  or  to  the  yearnings  of  the  soul  for 
a  life  beyond  the  present,  for  there  certainly  are  in  the  facts  of 
the  moral  and  spiritual  evolution  of  our  race  intimations  of  im- 
mortality, and  suggestions,  where  absolute  proof  is  naturally 
wanting,  of  a  divinity  that  shapes  the  course  of  nature. 
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Evolution  and  migration  of  Hawaiian  land  shkli^.     By  Prof.    Al- 
PBEU8  Hyatt,  Boston  Society  of  Natural  History,  Boston,  Mass. 

An  investigation  of  tlie  Achatinellidse  was  begun  by  tlie  author  some 
seven  or  eiglit  years  since  in  consequence  of  the  purchase  of  a  collection 
of  these  shells  from  Rev.  J.  T.  Gulick.  On  account  of  the  accuracy  of 
the  labeling  of  this  and  other  collections  more  recently  acquired,  among 
which  was  Gullck's  personal  collection  of  about  10,000  shells  andOIeson's 
loan  of  about  6,000  shells.  It  has  been  possible  to  arrive  at  certain  definite 
conclusions  in  regard  to  the  migration  and  evolution  of  the  three  principal 
genera  of  this  family  upon  the  island  of  Oahu.  This  island  contains  many 
more  species  than  all  the  other  Islands  together;  estimating  the  other 
Islands  to  have  about  140  species,  Oahu  has  about  280. 

The  author  has  had  the  use  of  about  22,000  shells,  of  which  18,000,  at 
least,  were  collected  in  Oahu.  The  three  genera,  Bullmella,  Achatlnella 
and  Apex,  were  plotted  upon  a  relief  map  of  Oahu  by  means  of  pins  with 
different  colored  heads.  Each  pin  represents  the  occurrence  of  a  species 
in  the  valley  in  which  It  is  placed  and  each  species  has  its  own  special 
number,  which  with  the  specific  name  is  included  In  labels  on  the  pins 
that  represent  the  shells  on  the  map.  The  red  pins  represent  species  of 
Achatlnella,  the  blue  those  of  Apex,  and  the  white  those  of  Bullmella. 
Lines  of  colored  worsted  connecting  the  pins  Indicate  genetic  aflOnity  and 
the  supposed  descent  of  the  species  one  from  another,  as  the  shells  wan- 
dered northwards  from  the  southernmost  valley,  Kuliouon. 

All  of  the  shells  probably  sprang  from  a  common  ancestor  which  has 
become  extinct  of  late  years;  but  was  formerly  collected  in  a  valley  on 
the  western  side  of  the  watershed  of  the  longest  or  easterly  range.  From 
this  valley,  Kuliouou,  there  was  a  migration  northwards  across  the  spurs. 
The  ancestral  species,  Achatinella  phceozonay  Gulick,  as  It  marched  to  the 
north  evolved  a  number  of  genera,  of  which  the  three  principal  ones  are 
represented  on  the  map,  and  expanded  also  Into  a  large  number  of  dis- 
tinct species. 

The  BullmellaB  live  habitually  highest  upon  the  sides  of  the  mountains. 
These  alone  cross  the  great  divide  to  the  eastward  and  are  successful  in 
evolving  considerable  numbers  of  large  shells  of  different  species  on  that 
side  of  the  watershed.  This  eastern  side  is  exposed  for  nine  months  In 
the  year  to  heavy  winds,  the  trade  winds,  and  has  a  rougher  climate  and 
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less  vegetation  than  the  inner  or  more  sheltered  land  side.  This  genas 
however  does  not  succeed  in  forming  colonies  in  the  short  mountain  range 
which  occurs  on  the  western  side  of  the  island. 

The  Achatinellie  live  in  the  vaUeys  lower  down  than  the  Bnlimells; 
they  cross  to  the  eastern  side  in  several  places,  but  all  of  these  species 
lose  in  size  and  do  not  evolve  any  great  number  of  forms  or  varieties  and 
show  that  they  are  unable  to  contend  successfully  with  the  climate  on 
that  side.  The  species  of  this  genus  also  become  smaller  and  less  bril- 
liant in  color  in  the  northern  valleys  of  the  western,  or  inner,  watershed, 
of  the  eastern  range,  the  same  holding  true  in  those  that  occupy  the 
outer,  or  eastern  water.shed  of  the  same  range.  They  were  unable  to 
cross  the  lowlands  in  the  center  of  the  island,  except  in  such  sporadic  ex- 
amples that  the  Inference  is  that  they  were  unable  to  reach  and  colonize 
the  western  range. 

The  species  of  Apex  live  in  the  valleys  mixed  with  both  the  other  genera 
but  do  not  habitually  reach  so  high  as  the  Bnlimells  nor  to  as  low  a  level 
as  the  Achatinellse ;  they  seem  to  have  been  even  more  delicate  than  those 
of  Achatinella  and  less  able  to  contend  with  the  unfavorable  effects  of  the 
surroundings  on  the  ocean  side  of  these  hills,  since  not  a  single  species  has 
been  recorded  as  found  on  that  side.  On  the  other  hand  they  cross  the 
broad  plain  of  the  interior,  and  are  successful  on  the  short  western  range, 
where  only  a  few  sporadic  species  of  the  other  two  genera  are  found. 


Variation  in  the  shell  ok  Helix  nemoralis  in  the  Lexington,  Va., 
COLONY.  By  Prof.  Jas.  Lewis  Howk,  Washington  and  Lee  Univer- 
sity, Lexington,  Va. 

Three  series  of  ovej*  1,000  shells  each,  were  collected,  one  in  the  au- 
thor's garden,  in  1897,  one  in  same  garden,  in  1898,  and  the  third  in  1898.  in 
the  garden  where  the  colony  originated  in  1883.  From  a  study  of  these 
series  the  conclusions  are  drawn :  (I)  that  the  variations  tend  in  general 
along  the  same  lines  as  the  variations  in  Europe ;  (2)  the  tendency  of  va- 
riation is  different  in  different  portions  of  the  Lexington  colony ;  (8)  no 
influence  was  noticed  in  a  given  locality  by  a  very  considerable  destruc- 
tion of  individuals.  The  author  gave  a  list  of  the  varieties  known  In  the 
Lexington  colony.  The  total  number  of  varieties  is  386  of  which  277  are 
enumerated  for  the  first  time. 

[This  paper  is  printed  in  full  in  American  Naturalist.] 


Variation  versus  heredity.    By  Prof.  H.  S.  Williams,  New  Haven, 
Conn. 

The  author  considers  that  variation  and  not  heredity  is  the  randamen- 
tal  characteristic  of  the  phenomena  of  organisms.  Heredity  is  of  the 
nature  of  habit,  or  memory,  and  implies  experience.  Variation  is,  in  its 
intrinsic  nature,  original  and  genetic.     So  long  as  the  varying  does  not 
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exceed  the  varying  of  previous  organisms,  the  process  is  called  Individ- 
ual development  and  is  purely  hereditary.  Whenever  the  varying  results 
In  producing  a  structure  not  hitherto  produced  It  is  evolution.  The  most 
successful  is  the  one  which  gets  the  most  result  out  of  the  resources  at 
hand,  and  such  success  survives.  But  this  is  the  law  of  variation,  not 
of  heredity.  The  arguments  for  variation  versus  heredity  are  as  fol- 
lows: 

1.  In  any  concrete  case  of  natural  selection,  or  similar  processes,  the 
actual  result  of  selection  is  the  retarding  and  checking  of  variation,  and 
the  offspring  necessarily  evolves  more  slowly  than  its  parent  In  direct  pro- 
portion to  the  efBcacy  of  the  natural  selection. 

2.  That  the  organic  processes,  by  which  variation  takes  place  In  an 
organism,  differ  from  the  ordinary  process  of  development  In  individual 
growth,  only  by  passing  beyond  the  limit  reached  by  the  ancestor;  and 
hence  variation  Is  but  a  phase  of  the  fundamental  genetic  process  pecul- 
iar to  living  organisms. 

3.  That  every  act  of  variation  Is  anterior  to  experience,  and  thus  is 
necessarily  original  and  genetic ;  whereas  every  hereditary  act  is  neces- 
sarily secondary  to,  and  tlie  result  of  experience,  and  the  law  of  heredity 
must,  therefore,  be  acquired  in  the  process  of  evolution  and  Is  not  fun- 
damental. 

4.  That  as  to  struggle  for  existence,  the  most  strenuous  effort  made 
(both  by  the  parent  and  by  the  offspring)  in  the  course  of  organic  proc- 
esses, is  that  which  produces  antagonism  of  interests.  On  the  part  of 
the  parent,  it  parts  with  that  which  has  cost  it  the  greatest  expenditure  of 
energy, — and  on  the  part  of  the  offspring,  the  result  Is  the  loss.  In  part  or 
wholly,  of  the  only  source  of  its  living  up  to  the  moment  of  the  struggle. 

6.  That  the  orthodox  view  of  the  case  is  inconsistenr,  in  so  far  as  it  rec- 
ognizes mutability  as  applicable  only  to  organic  species  and  clings  to  the 
idea  of  immutability  of  the  more  fundamental  units  of  biology, — viz.,  the 
Individual  and  the  cell  and  the  protoplasmic  states  of  matter. 

These  considerations  bring  us  to  a  point  of  view  in  which  heredity  and 
variation  hold  a  different  relation  to  evolution  than  In  the  ordinary  work- 
ing hypothesis  of  biology. 

If  this  point  of  view  presents  the  facts  in  their  true  relations,  we  must 
seek  for  the  Immediate  determining  causes  of  variation,  not  in  natural 
selection,  nor  in  any  of  the  environmental  conditions,  either  direct  or  in- 
direct, by  which  hereditary  repetition  Is  established,  but  in  the  phenomena 
of  individual  growth  and  development,  and  the  more  fundamental  proc- 
esses of  cell  growth  and  metabolism. 

[To  be  published  In  the  American  Naturalist.] 


LocALiZKD  STAGES  IN  GROWTH.    By  Dr.  RoBKRT  Tracy  Jackson  ,  Harvard 
University,  Cambridge,  Mass. 

In  the  development  of  animals,  stages  are  found  which  repeat  the  form 
of  adults  of  ancestral  types.    In  old  age,  senile  stages  occur  which  are 
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prophetic  of  degradational  series  of  the  group.  The  ontogeny  of  an 
individual  represents  therefore  in  an  epitomized  form  the  phylogeny  of  the 
group.  Stages  then,  are  loolted  for  in  the  young  and  in  the  senile  Indi- 
vidnal,  the  adult  representing  the  full  specific  characters. 

From  studies  of  animals  and  plants  it  has  been  found  that  stages  may 
occur  in  localized  parts  throughout  the  life  of  the  individual.  In  organ- 
isms, that  during  growth  present  a  serial  repetition  of  parts,  there  is  often 
an  ontogenesis  of  such  parts  which  is  more  or  less  closely  parallel  to  the 
ontogenesis  of  the  organism  as  a  whole,  and  repeats  the  characters  seen  in 
similar  parts  in  the  young  individual,  and  in  the  adults  of  ancestral  types. 
The  characters  repeated  are  usually  post-embryonic,  or  nepionic  char- 
acters. 

In  the  asexual  reproduction  of  Hydrozoa  and  Actinozoa,  buds  are  given 
off,  which  during  growth  repeat  the  characters  seen  in  later  stages  of 
embryos  from  the  egg.  The  young  plates  of  the  stem  of  certain  crinoids 
throughout  life  repeat  the  features  of  the  whole  stem  of  ancestral  forms. 
The  young  last-formed  plates  of  Lepidechinua,are  not  specialized  like  the 
older  plaies,  but  resemble  those  of  more  generalized  types.  In  the  de- 
velopment of  Ammonites  the  first  septa  are  simple,  the  later  ones  more 
or  less  complex.  The  portion  of  the  complex  septum  which  lies  close 
to  the  umbilicus  is  relatively  simple,  in  this  localized  area  repeating  youth- 
ful and  ancestral  characters. 

In  plants,  suckers  from  the  roots,  or  base  of  the  stem,  or  stump;  often 
repeat  the  characters  of  seedlings.  This  is  seen  in  the  Pitch  Pine,  Areca, 
Oaks,  White  Ash,  Sassafras,  Negundo,  Ailanthus.  In  the  Japanese  Ivy 
{Ampelopsis  tricuspidatd) ,  at  the  base  of  the  vine  throughout  life,  are  com- 
pound leaves  like  those  of  the  seedling.  On  all  the  old  wood  leaves  are 
simple  and  trilobed.  On  the  new  wood  of  the  current  season's  growth, 
the  leaves  are  cordate  like  a  late  stage  in  growth  of  the  seedling.  Feeble 
degradational  growths  may  be  reversionary,  thus  presenting  localized 
stages,  as  the  tuftlike  growths  of  Red  Cedar,  which  bear  acicular  leaves 
like  the  young  and  fossil  species.  The  terminal  portion  of  the  leaf  often 
repeats  the  simple  characters  of  the  leaves  of  the  seedling  in  a  very  close 
degree.  This  is  seen  in  the  Tulip  tree.  Ashes,  Ailanthus,  Phoenix.  Re- 
versionary individual  leaves  often  occur  on  adult  plants.  These  have 
failed  to  develop  the  full  specific  characters,  bear  more  or  less  resem- 
blance to  the  young  and  fossil  allies  and  are  considered  localized  stages  in 
growth.  Such  are  seen  in  the  Tulip  tree.  Ashes  (especially  FraxinuB 
anomold),  Negundo,  Palms. 


On  the  carbonifkrous  fauna  of  Rhode  Island  and  Massachusktts. 
By  Prof.  A.  S.  Packard,  Brown  University,  Providence,  R.  I. 

Thk  fossil  animals  in  the  Narragansett  coal  basin  are  very  scanty.  The 
fauna  so  far  as  yet  known  comprises  Splrorbis,  worm  holes,  and  the 
doubtful  impressions  of  two  Annelids,  a  bivalve,  Anthracomya  arenacea 
(Dawson),  tracks  supposed  to  be  those  of  an  arthropod,  probably  the 
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same  as  Protichnites  carhonarius   Dawson;   an  arachnid  and   fourteen 
species  of  insects,  mostly  cockroaches. 

The  presence  of  the  Anthracomya  and  Protichnites,  which  have  recently 
been  detected,  leads  us  to  refer  the  beds  to  the  same  horizon  as  the  Sonth 
Joggins  beds  in  Nova  Sco|;ia,  which  are  Upper  Carboniferous.  Thus  far 
the  animal  remains  confirm  Lesquerenx's  reference  of  the  plant  beds  of 
Khode  Island  to  the  Upper  Carboniferous. 


On  the  present  state  of  our  knowledge  of  the  North  American 
TERTIARY  MOLLU8K-FAUNA.  By  Prof .  Wm.  H.  Dall,  Smlthsouiau  In- 
stitution, Washington,  D.  C. 

Thk  author  briefly  reviewed  the  successive  fields  covered  by  the  earlier 
American  workers,  beginning  with  Say  and  Lesueur,  in  1822,  and  coming 
down  to  1860,  forming  the  first  period  of  American  study  in  this  direc- 
tion, chiefly  on  the  horizons  of  the  coastal  plain  of  the  southeastern 
United  vStates.  Sowerby,  Guppy  and  Gabb  had  busied  themselves  chiefly 
with  the  Oligocene  and  Pliocene  beds  of  the  Antlllean  region. 

The  second  period  began  with  the  organization  of  the  U.  S.  Geological 
Survey  about  1880.  when  a  renewed  interest  in  the  subject  sprang  up,  and 
by  1885.  new  publications  began  to  be  fairly  numerous.  The  character- 
istics of  the  new  work  were  the  revision  of  the  older  faunal  lists,  the  dis- 
crimination of  horizons,  often  neglected  by  the  earlier  writers,  the  cor- 
relation of  continental  and  Antlllean  horizons  and  the  discovery  and 
exploitation  of  horizons  previously  unknown.  The  most  Important  of 
these  were :  the  Pliocene  of  Florida,  which  has  been  explored  by  WlUcox, 
Heilprln  and  Dall;  the  Upper  Miocene  of  the  Galveston,  Texas,  artesian 
well  from  which  a  distinctive  fauna  was  obtained  by  the  Texas  Geologi- 
cal, Survey  and  worked  up  by  G.  D.  Harris;  and  the  upper  Oligocene  of 
western  Florida  where  a  whole  series  of  beds  has  been  discriminated  by 
Langdon,  Burns,  Aldrlch,  Dall  and  others,  constituting  a  series  of  at  least 
three  distinct  horizons,  each  with  a  rich  fauna,  and  which  has  furnished 
to  our  catalogues  a  multitude  of  forms  previously  unknown  or  not  known 
to  occur  in  North  America. 


Leidy's  genus  Ouramceba.     By  Wm.  L.  Poteat,  Wake  Forest,  N.  C. 

The  history  of  the  genus  Is  brief.  The  flrst  published  notice  was  by 
Mr.  Archer  In  1866,*  and  again  in  1873.*  The  next  year  Dr.  Joseph  Leidy^ 
described  the  same  or  a  very  similar  organism.      In  1875  he  published 

'  Quart.  Joum.  Mlcr.  Soc.  6, 190. 

« Idem,  14,  212. 

»  Proc.  Acad.  Nat.  Scl.  Philadelphia,  1874,  p.  77. 
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a  more  detailed  account,'  and  gave  his  final  treatment  of  It  in  Fresh- 
water Uhizopods  of  North  America,  1879.  In  1884  Graber*  treated  as 
fungoid  the  caudal  filaments  on  his  A.  binucleata  and  otht^r  forms.  My 
studies  of  Ouramoeba  began  in  February,  1894.  I  published  in  Nature* 
my  conviction  that  Leidy's  view  of  the  filaments  as  extensions  of  the 
body  protoplasm  was  erroneous,  and  that  they  were  mycelial  filaments  of 
a  fungus  parasitic  upon  the  genus  Amoeba.  Early  in  1896  Mr.  Martin  F. 
Woodward,  of  the  Royal  College  of  London,  wrote  me  of  his  agreement 
with  my  interpretation  of  the  peculiar  structure,  and  later,  with  great 
generosity,  put  notes  of  his  observations  and  drawings  at  my  disposal. 

Thksis  :  Leidy's  genus  Ouramoeba  was  erected  upon  Insufllcient  data 
and  must  be  abandoned.  The  filamentous  appendages,  which  constitute 
the  only  peculiarity  of  the  form,  are  not,  as  he  and  Archer  supposed,  ex- 
tensions of  the  body  substance,  but  are  mycelial  hyphse,  commonly  unsep- 
tate,  which  spring  from  a  spore  lying  In  the  endosarc.  and  represent  a 
semi-parasitic  relation  to  the  genus  Amoeba.  The  following  facts  are 
submitted  in  support  of  this  view. 

First,  morphological  facts.  Mention  is  made  only  of  what  Dr.  Leidy 
omitted  to  notice  or  failed  to  see  the  exact  signification.  (1)  The  sin- 
gle or  tufted  filaments  invariably  arise  from  a  spore.  The  fact  that  the 
mycelium  resulting  from  the  germination  of  the  spore,  instead  of  rami- 
fying through  the  protoplasmic  mass,  issues  at  once  into  the  water,  sug- 
gests that  the  fungus  does  not  subsist  at  the  expense  of  the  Amceba,  but 
upon  organic  substances  dissolved  in  the  water.  Some  of  these  are, 
doubtless,  contributed  by  the  contractile  vacuole,  which  lies  in  the  neigh- 
borhood of  the  filaments  and  discharges  its  contents  among  them.  (2) 
The  structure  of  the  filaments  is  that  of  unseptate  hyphss,  not  of  pseudo- 
podia.  An  occasional  septum  at  the  origin  of  a  branch  makes  the  pseu- 
dopod  interpretation  impossible.  (3)  After  separation  from  the  Amoeba 
the  filaments  maintain  in  all  respects  their  characteristic  structure  and 
relations.  • 

Second,  physiological  facts.  (1)  The  form  on  which  Messrs.  Archer 
and  Woodward  found  in  the  British  Isles  the  fascicled  hyphse  was  Anuxba 
villosay  while  the  host  form  in  this  country  is  Amoeba  proteus.  (2)  The 
seasonal  limitation  of  the  occurrence  of  the  form,  it  being  confined  ap- 
parently to  the  months  January  to  May.  (3)  I'he  hyphse  take  no  part  in 
any  of  the  movements  of  the  host,  being  altogether  passive  and  non- 
retractile.  (4)  The  progressive  development  of  a  single  tuft  is  sufficient 
in  itself  to  establish  the  main  point  of  my  thesis.  The  inquiry  into  the 
life  history  and  relationships  of  the  fungus  itself  is  not  entered  upon 
here. 


MONII.OPOKID^,  A  NEW  FAMILY  OF  PALJEOZOIC  CORALS.      By  AMADKUS  W. 

GiiABAU,  Cambridge,  Mass. 

1  Idem,  1876,  p.  126. 
»Zelt.f.  Wis.  Zool.,41:210 
8  Nature,  50:  79. 
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NOTBa   ON    iEOLOSOMA  TKNEBRARUM.       Bv  MisS    EdITH    M.    BkACK,    Hoch- 

.  ester,  N.  Y. 

JEolosoma  tenebrarum  is  a  small  oligochaete  common  nmong  algae  in 
stagnant  ponils.  It  has  held  an  anomalous  position  among  annelids  from 
the  fact  that  the  nervous  system  has  been  supposed  to  consist  of  a  brain, 
without  a  ventral  cord  or  oesophageal  commissure,  but  new  methods 
have  made  it  possible  to  demonstrate  that  the  nervous  system  conforms 
with  the  annelid  type. 

The  nervous  system  is  connected  throughout  with  the  epidermis  The 
brain,  which  lies  in  front  of  the  mouth,  has  two  lateral  lobes  running  to 
the  oesophageal  commissure,  and  two  posterior  lobes  composed  entirely 
of  cells.  There  is  a  pair  of  ganglia  on  the  oesophageal  commissure  just 
before  its  union  with  the  brain,  and  a  second  pair  below  the  mouth  and 
in  front  of  the  first  segment.  A  pair  of  nerves  extends  over  the  prosto- 
mlum  from  the  first  pair  of  ganglia,  a  pair  from  the  anterior  margin  of 
the  brain,  and  a  third  pair  runs  back  from  the  angle  between  the  lateral 
and  posterior  lobes  of  the  brain.  Two  rows  of  bilobed  ganglia  connected 
by  fibrous  commissures  form  the  ladder  type  of  ventral  cord.  There  is 
one  pair  of  ganglia  In  a  segment,  each  ganglion  has  four  lateral  nerves, 
and  there  is  a  large  median  nerve. 

A  diflbse  plexus  of  nervous  tissue  extends  through  the  epidermis 
and  brain.  It  consists  of  uinltlpolar  cells  which  send  out  anastomosing 
branches  and  form  a  coarse  network.  The  system  has  an  oral  ring  sending 
brunches  to  plexus  cells  in  the  brain  from  which  branches  run  to  a  cres- 
cent-shaped band  near  the  anterior  margin  of  the  prostomium.  Two  club- 
shaped  bodies  in  connection  with  this  centre  may  serve  as  olfactory 
organs. 

The  sympathetic  system  consists  of  an  arborescent  network  extending 
the  length  of  the  alimentary  tract.  It  has  an  oral  ring  between  the  oeso- 
phageal commissure  and  the  oral  ring  of  the  epidermal  plexus.  'l*he  cil- 
iated pits  described  by  Vejdowsky  prove  to  be  terminations  of  ciliated 
furrows  leading  to  the  mouth.  Sense  organs :  There  are  many  large  pear- 
shaped  cells  which  contain  a  refractive  body.  Also  compound  bodies 
similar  to  the  eyes  found  in  other  worms.  These  organs  are  innervated 
by  the  epidermal  plexus. 


A    NBW    CLASSIFICATION     OF    FOSSIL    CKPHALOP0D8.      By    Prof.     ALPHEUS 

Hyatt,  Boston  Society  Natural  History,  Boston,  Mass. 

The  Cephalopoda  with  caraerate  shells  embrace  two  orders,  Nautllol- 
dea  and  Ammonoidea.  since  the  shells  of  Belemnoidea  are  very  properly 
regarded  as  internal  structures.  The  classification  of  Nautiloidea  is  in 
confusion,  owing  to  the  overthrow  of  the  old  systems,  which  assembled 
the  groups  according  to  their  forms  into  straight  shells  or  Orthoceratites, 
covered  shells  or  C}  rtoceratites,  loosely  coiled  shells  or  Qyroceratites  and 
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closer  coiled  shells  or  Nautilites.  In  consequence  of  this  and  the  increase 
in  our  knowledge  of  forms,  it  is  high  time  that  some  attempt  should  be 
made  to  solve  the  question  of  the  true  relations  of  the  larger  groups,  in- 
cluding the  families  and  genera.  This  attempt  has  been  made  by  the 
author  in  preparing  the  chapter  on  Fo>sil  Cephalopoda  in  the  English  edi- 
tion of  Zittel's  Textbook  of  Paleontology  which  is  now  in  press. 

After  reviewing  all  the  genera  and  a  considerable  proportion  of  the 
species,  it  was  found  that  the  only  characters  having  sufficiently  broad 
distribution  to  be  used  for  the  diagnosis  of  suborders  were  those  exist- 
ing in  the  structure  of  the  siphuncles.  The  siphuncle  was  of  much  greater 
importance  in  ancient  times  than  later.  In  primitive  forms  as  compared 
with  more  specialized  forms  the  same  law  holds  and  this  is  equally  true  of 
the  young  as  compared  with  the  later  stages  in  the  ontogeny.  This  as- 
sumption is  based  upon  the  larger  proportionate  size  and  more  or  less 
complicated  internal  structures  of  this  organ  in 'the  more  ancient  and 
more  primitive  forms  as  well  as  its  greater  size  in  the  young  of  all  shells. 
It  is  natural,  therefore,  that  the  changes  in  the  structure  of  this  organ 
should  prove  to  be  of  use  in  classifying  the  suborders  and  often  families 
as  well.  In  this  paper  I  propose  merely  to  notice  the  suborders  which 
are  as  follows : 

I.  Holochoanites  with  the  funnels  of  the  Niphuncle  reaching  entirely 
across  each  air  chamber  completely  shutting  off  tiie  interior  of  each 
chamber  from  the  interior  of  the  siphuncle.  Whenever  deposits  are 
present  they  are  more  or  less  prolonged  cones  or  irregular  structural  fill- 
ing around  the  endosiphuncles  that  are  often  present  and  pierce  the  de- 
posits at  the  center.     Examples :  Endoceras,  Plloceras,  Nanno. 

II.  Mixo-choanites.  Siphuncles  small.  Funnels  composite.  They  are 
short  and  straight  in  the  young,  and  the  closing  of  the  siphuncles  was 
made  by  sheaths  reaching  from  the  ends  of  the  funnels  to  the  next  sep- 
tum. In  the  epiiebic  or  later  stiiges,  collars  were  added,  making  the  fun- 
nels diplo-choanltic.  In  old  age  they  were  apt  to  become  more  or  less 
beaded  or  imperfect.  No  internal  deposits.  Examples:  Ascoceras, 
Aphragmltes. 

III.  Schiztochoanites.  Siphuncles  large,  funnels  imperfect,  or  split  on 
the  outer  side.  These  were  at  the  bases  of  flat  rings  or  collars  that  extend 
into  the  interior,  but  are  open  at  the  center.  This  has  been  simultan- 
eously and  independently  worked  out,  by  Professor  Dwight  of  Vassar 
College  and  the  author,  in  different  ways.  Dwight  by  means  of  sections, 
and  the  author  by  the  use  of  fractured  specimens.  Examples :  Conoceras 
Bronn  TBathmoceras  Barrande). 

IV.  Orthochoanites.  The  siphuncles  small  except  in  primitive  forms  and 
without  deposits,  or,  if  present,  thexe  are  irregular  and  are  gathered 
around  the  funnels.  No  endosiphuncles.  The  funnels  are  straight  and 
the  siphuncle  is  apt  to  be  tubular.  Examples :  Orthoceras,  Geisonoceras. 
It  is  very  difficult  to  separate  some  forms  of  this  suborder  from  the  An- 
nulosiphonata,  although  a  large  proportion  can  be  diagnosed  without 
difficulty. 
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V.  Cyrtochoanites.  The  siphuncles  are  of  different  sizes,  but  the  funnels 
are  Invariably  short  and  much  bent  outwardly.  There  are  two  subgroups 
in  this  suborder. 

(a)  Annuloslphonata.  Siphuncles  large  in  primitive  forms  only,  and 
the  segments  beadi'd.  Internal  deposits  are  gathered  about  the  funnels 
and  when  abundant  enough  to  fill  they  meet  along  the  median  horizontal 
planes,  bisecting  the  segments  and  their  intersections,  therefore,  alternate 
with  the  septa.  There  are  also  Invnrlably  concentric  layers  advancing  to- 
wards the  interior  as  their  thickness  increases  by  accretion  of  new  layers 
A  large  endosiphuncle  is  often  present  In  the  primitive  forms.  Examples : 
Actinoceras,  Loxoceras. 

(6)  Actinosiphonata.  The  internal  deposits  are  arran;red  as  vertical,  ra- 
diating plates  directed  towards  the  interior,  but  not  meeting,  and  the  center 
consequently  must  have  been  occupied  by  a  peculiar  endosiphuncle.  These 
deposits  increase  in  number  of  plates  and  also  by  accretion  at  both  ends, 
so  that  they  often  meet  those  of  the  next  segments.  The  lines  or  planes  of 
junction  coincide  with  the  funnels  and  septa,  being  in  tlie  same  horizontal 
planes  with  the  latter.    Examples  .*  Jovellaula,  Hizoceras. 


On  the  systematic  position  of  the  trilobites.    By  Prof.  A.  S.  Pack- 
ard, Brown  University,  Providence,  li.  I. 

The  reference  by  several  writers  of  the  Trlloblta  to  the  class  of  Crus- 
tacea seems  still  open  to  question. 

The  recent  discoveries  of  Walcott,  Beecher  and  others,  as  to  the  nature 
of  the  appendages,  especially  those  of  the  head,  afford  data  for  the  fur- 
ther discussion  of  the  question. 

Beecher  has  clearly  shown  that, while  Triarthrus  has  antenna-like  ap- 
pendages, all  the  segments  behind  the  antennal,  bear  biramose  limbs,  which 
are  essentially  the  snme  for  the  head  and  trunk.  In  Crustacea,  on  the 
other  hand,  even  in  the  most  generalized,  there  is  a  differentiation  of  the 
appendages  into  two  pairs  of  antennae,  mandibles,  maxllltc,  maxillipedes, 
thoracic  and  abdominal  limbs. 

For  this  reason,  together  with  the  different  larval  forms,  and  from  the 
obvious  affinities  of  trilobites  to  Llnmlus,  which  certainly  is  not  a  crus- 
tacean, we  are  inclined  to  refer  the  trilobites  to  a  separate  class,  and  to 
regard  them  as  being  an  older,  more  primitive  group  than  the  Crustacea. 
It  also  seems  more  probable  that  the  merostomes,  including  Limulus,  de- 
scended from  the  trilobites,  or  forms  like  them.  Hence  the  Trlloblta 
probably  were  the  first  to  originate  from  the  annelid  worms,  while  the 
Crustacea  arose  by  a  separate  line  of  descent. 


Measurements  op  two  large  lobsters,  recently  added  to  the  col- 
i.BcnoN8  of  the  American  Museum  of  Natural  History.  By  Dr. 
E.  O.  HovEY,  American  Museum  of  Natural  History,  New  York,  N.  Y. 

Two  unusually  large  lobsters  were  canght  off  Atlantic  Highlands,  N.  J., 
in  the  early  spring  of  1897,  one  of  which  was  reported  to  weigh  thirty- 
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one  and  the  other  thirty-four  pounds.  They  refused  to  live  in  captivity 
and  their  carcasses  were  presented  to  the  museum  for  preservation.  As 
mounted,  these  are  about  thirty-seven  and  forty  inches  in  length.  The 
paper  gave  a  series  of  measurements  made  on  the  mounted  specimens. 


A   NKW  METHOD   OF   STUDYING   UNDERGKOUND   INSECTS.       By   Prof.   JOUN 

B.  Smith,  Rutgers  College,  New  Brunswick,  N.  J. 

The  methods  heretofore  used  to  study  the  habits  of  underground  in- 
sects have  left  much  to  be  desired.  Digging  down  so  as  to  follow  the 
course  of  a  burrow  is  extremely  unsatisfactory,  and  in  many  cases  im- 
possible. Experiments  were  made  with  various  materials,  with  the  idea^ 
of  hardening  the  earth  around  the  channels  made  by  the  insects,  so  that 
they  could  be  dug  out  in  the  shape  of  pipes ;  but  this  proved  unsatisfactory 
with  all  the  materials  used. 

At  the  suggestion  of  Mr.  J.  Turner  Brakeley,  of  Bordentown,  N.  J., 
plaster  of  Pans  was  tried  and  a  series  of  experiments  were  made  by  him 
at  my  request.  It  was  proved  that  plaster  of  Paris,  sufficiently  thinned 
down,  would  serve  to  make  casts  of  insect  burrows  extending  nearly  six 
feet  underground  and  branching  in  various  directions.  As  much  as  nhie 
ounces  of  mixed  plaster  has  been  poured  into  an  opening  not  more  tlian 
one-fourth  of  an  inch  in  diameter,  and  a  perfect  casting  of  all  the  under- 
ground workings  of  the  insect  has  been  obtained.  Casts  have  been  made 
of  burrows  not  more  than  one-eighth  of  uii  inch  in  diameter,  and  extending 
down  a  distance  of  eighteen  inches.  In  some  cases,  where  an  attempt 
has  been  made  to  obtain  casts  of  the  workings  of  ants,  burrows  not  more 
than  one-sixteenth  of  an  inch  in  diameter  have  been  cast ;  but  in  such 
cases  large  chambers,  opening  out  from  sucli  small  galleries,  will  not 
become  filled  with  the  plaster,  because  this  seems  t  >  set  in  the  smaller 
burrows  before  the  larger  chambers  are  filled. 

Just  what  the  range  of  usefulness  of  this  plaster  method  will  be,  cannot 
yet  be  positively  stated.  It  will  prove  satisfactory,  however,  for  almost 
all  of  the  burrowing  bees  and  wasps,  for  spider  architecture,  and  to  ob- 
tain casts  of  the  burrows  made  by  many  of  the  coleopterous  larvae  that 
live  underground. 

There  is  considerable  diffference  in  the  character  of  the  plaster  and  the 
better  the  plaster  the  better  the  resulting  cast.  Experience  has  proved 
that  dental  plaster  of  the  best  quality,  mixed  with  an  equal  bulk  of  water, 
gives  the  best  results.  The  plaster  used  by  nie  was  obtained  from  H.  D. 
Justi  &  Son,  of  Philadelphia.  It  sets  rapidly  and  makes  a  very  hard  cast. 
The  mechanical  method  is  simply  to  have  two  graduates;  in  one  of  them 
measure  the  water  and  in  the  other  an  equal  bulk  of  the  plaster.  The  grad- 
uate containing  the  water  should  be  sufficiently  large  to  allow  the  plaster 
to  be  dumped  into  the  water.  The  addition  of  the  plaster  will  add  about 
one-fourth  to  the  bulk  of  the  mixture;  that  is,  four  ounces  of  plaster  and 
four  ounces  of  water  will  make  five  ounces  of  mixture.  Stir  thoroughly 
and  pour  at  once. 
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Notes  on  the  habits  of  some  burrowing  bees.  By  Prof.  John  B.  Smith, 
Rutgers  College,  New  Brunswick,  N.  J. 

By  means  of  the  plaster  method  referred  to  in  a  previous  communica- 
tion the  habits  of  several  species  of  burrowinjr  bees  were  studied  in 
Ocean  County,  N.  J.  The  species  involved  are  Colletes  compactes,  Andrena 
virinay  A.  bicolor  and  A.  viola  ;  also  Augochlora  humeralis. 

The  habits  of  the  Andrenids  are  very  similar.  Colletes  appears  very 
early  in  spring,  during  the  first  warm  days  of  March  or  April,  and  at 
once  digs  down,  almost  vertically,  a  distance  of  some  eighteen  inches. 
It  may  go  deeper,  and  one  specimen  was  found  that  burrowed  down 
twenty-seven  inches  almost  vertically.  Then  a  horizontal  burrow  is  sent 
off  to  a  distance  varying  from  two  to  five  inches  and  at  the  end  of  this 
burrow  a  very  thin,  parchment-like  cell  is  constructed.  The  cell  seems  to 
be  made  of  saliva  which  dries  and  forms  a  brittle  chamber  in  which  the 
pollen  and  honey  are  stored.  Not  more  than  one-third  or  even  less  of  the 
cell  is  fllU'd  with  pollen  and  honey. 

The  egg  is  attached  at  about  the  middle  of  the  cell  at  one  side  and 
curves  so  that  its  tip  reaches  nearly,  if  not  quite,  to  the  surface  of  the 
pollen  mass.  Just  enough  honey  is  added  to  the  pollen  to  make  a  stiff 
paste  and  upon  this  the  larva  feeds.  When  one  cell  is  completed,  it  is 
closed  by  a  thin  membrane,  such  as  that  of  which  the  balance  of  the  cell 
is  made  and  then  the  insect  fills  the  burrow,  or  it  collapses  and  the  insect 
starts  a  new  lateral  at  some  distance  above  the  first.  It  may  be  that  the 
earth  taken  out  of  the  new  lateral  is  used  to  fill  up  the  old  one.  Casts, 
made  after  the  first  lateral  has"  been  filled,  show  a  heel,  which  extends  a 
**hort  distance  below  the  entrance  to  the  second  or  upper  lateral.  At  the 
end  of  the  second  lateral,  which  usually  goes  off  in  a  different  direction 
from  the  fli  st,  is  placed  a  similar  cell.  A  third  lateral  may  be  built  above 
the  second,  which  brings  the  insect  usually  between  six  and  twelve  inches 
below  the  surface.  In  no  case  have  I  found  more  than  three  laterals  from 
a  single  main  burrow. 

When  the  insect  has  charged  all  the  laterals  the  entire  burrow  is  filled 
up,  so  that  the  young  bees  when  they  come  to  maturity  must  bore  through 
from  six  to  twenty-four  inches  of  sand  or  earth  before  reaching  the  sur- 
face. Cells  from  which  the  bees  have  emerged  are  always  found  entirely 
filled  with  sand  or  earth ;  that  is,  as  the  bee  moves  out  of  its  cell,  it  fills  it 
with  the  earth  which  it  excavates  before  it,  and  in  this  way  works  up- 
ward, always  throwing  the  earth  behind  Into  the  spaces  that  had  been 
excavated  just  before. 

Andrena  bicolor  and  vicina  make  burrows  that  are  considerably  larger 
in  diameter  and  are  very  much  twisted  Instead  of  going  down  straight. 
1'hey  make  a  number  of  twists  and  turns  and  may  extend  forty  inches 
or  more  below  the  surface.  One  burrow  extending  forty-eight  inches  has 
been  cast  and^taken  out.  Their  general  habits  of  breeding  are  very  much 
like  those  of  Colletes;  but  they  do  not  begin  to  dig  until  May. 
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Some  of  the  smaller  species  of  Andrena  work  on  a  somewhat  different 
plan,  and  line  the  inside  of  their  cells  with  a  sticlsy  fluid  that  holds  the 
earth  together.  In  such  cases  the  cell  appears  black  inside,  and  the  pollen 
mass  is  formed  in  the  shape  of  a  loaf,  upon  which  the  ejrg  is  laid.  Very 
little  honey  is  used  by  these  bees.  So  far  as  their  habits  have  been  studied 
they  seem  to  be  much  like  those  of  the  previous  species. 

Augochlora  works  on  a  different  plan.  It  makes  a  perfectly  vertical 
burrow  which  may  extend  down  nearly  six  feet  underground.  At  a  dis- 
tance of  about  twelve  inches  it  sends  off  a  short  lateral,  then  excavates  a 
chamber  sufficiently  high  to  allow  it  to  move  about  in  every  direction  and 
this  may  be  anywhere  from  one  to  two  or  even  two  and  one-half  inches 
across.  Cells  are  then  sent  down  from  this  chamber,  usually  beginning 
at  the  middle,  and  there  may  be  a  cluster  of  anywhere  from  six  to  twenty 
of  them  entered  from  the  chamber  above.  The  cells  are  lined  with  clay 
so  as  to  make  them  tight,  and  as  soon  as  one  is  completed,  this  being 
generally  the  one  in  the  center,  the  insect  places  it  in  a  pile  of  pollen 
formed  into  a  loaf;  lays  an  egg  on  the  pollen  and  closes  the  cell  with  clay. 
Two  or  even  three  such  clusters  of  cells  may  be  made  by  a  single  bee  and 
thirty  or  forty  cells  may  be  found  in  connection  with  a  single  cast. 

A  peculiar  feature  in  the  habit  of  the  insect  is  that  when  it  starts  its 
burrow,  somewhere  during  the  latter  part  of  May,  it  makes  first  an  ob- 
lique gallery  from  four  to  six  inches  in  length  before  it  starts  straight 
down.  All  the  earth  is  brought  out  through  this  oblique  gallery.  After 
it  begins  to  bore  vertically  It  extends  the  upward  burrow  to  just  below 
the  surface  and  even  makes  a  small  opening  to  it  which  is  usually  con- 
cealed and  where  no  sand  is  ever  piled.  'I'his  opening  is  the  one  that  is 
used  by  the  bee  in  leaving  and  entering  its  home.  Whenever  it  is  in  the 
burrow  the  entrance  is  plugged  up  by  a  ball  of  yellow  sand  or  clay.  This 
is  kept  intact  so  lonsr  as  the  bee  works,  and  it  may  work  for  several  ilays 
underground  without  coming  out  to  feed. 

These  bees  do  not  fill  their  burrows  after  they  have  filled  the  cells.  The 
young  when  they  make  their  exit  come  through  the  parent's  burrows  and 
these  parent's  burrows  are  used  by  the  insects  as  hil)ernating  quarters. 
Early  In  spring  the  female  bees  can  be  found  at  the  bottom  of  the  vertical 
burrow  and  as  many  as  eight  have  been  found  piled  one  on  top  of  the  other, 
five  feet  underground. 


O.N   THE  MARKINGS  OF   NOTODONTIAN   LAtlV^K.        By  Prof.  A.  S.    PaCKAKD, 

Brown  University,  Providence,  R.  I. 

In  his  studies  on  the  markings  of  lizards.  Rimer  has  shown  that  the 
changes  from  stripes  to  spots  originate  near  the  tail,  and  extend  forward 
in  waves,  so  to  speak.  Weismann  has  shown  that  the  same  happens  in  cat- 
erpillars. Cope  noticed  the  same  phenomenon  in  the  lizard  Cnemidopho- 
rus,  in  which  a  longitudinally  striped  coloration  changes  into  one  trans- 
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versely  striped,  the  breaking  up  of  the  striped  coloration  appearing  first 
Ht  the  posterior  part  of  the  dorsal  region  of  the  body. 

We  have  observed  the  same  thing  in  several  notodontlan  larvae,  i.  e., 
8ymmeri8tia  alhifrons,  Dasylophia  anguina,  and  Schizura  concinna.  In 
these  forms  the  longitudinal  bands  become  broken  np  into  spots  at  the 
end  of  the  body,  on  the  last  four  or  last  three  segments,  where  tiie  banded 
arrangement  disappears. 

The  cause  of  the  origin  of  the  change  In  markings  at  the  end  of  the 
body  In  lizards  Is  not  easy  to  explain,  bat  In  caterpillars  it  may  be  con^ 
nected  with  the  fact  that  in  young  arthropods  the  new  segments  origi- 
nate at  the  "budding  zone,"  or  the  growing  point,  i.  €.,  the  regiort 
between  the  last  body-segment  and  the  penultimate  segment. 


The  proposed  attempt  to  introduce  Blastophaoa  psbnrs  into  Cali- 
fornia. By  Dr.  L.  O.  Howard,  U.  S.  Department  of  Agriculture, 
Washington,  D.  C. 


The  records  for  1898  of  broods  vii  and  xvn,  of  Cicada  sbpten- 
DECiM.  By  C.  L.  Marlatt,  U.  S.  Department  of  Agriculture,  Wash- 
ington, D.  C. 


Notes  on  the  life  history  of  Protoparce  Carolina.     By  Prof.  Wm. 
B.  Alwood,  Va.  Polytechnic  Institute. 

The  breeding  work  conducted  with  this  species  covering  a  period  of 
two  years  showed  that  it  is  to  a  slight  extent  double-brooded,  at  Blacks- 
burg,  Va.  The  earliest  adult  moths  few  In  number  appear  June  7-12, 
ovlposltion  begins  June  20th,  the  larvae  moult  four  times,  at  Intervals  al- 
most Invariably  of  four  days  each,  become  full  fed  In  twenty  to  twenty- 
one  days  and  enter  the  soil  for  pupation.  A  small  per  cent  of  the  early 
brood  issue  as  adults  the  same  season,  the  records  showing  a  period  of 
twenty-seven  days  from  pupation  to  issuance  of  imago  in  one  case,  the 
shortest  observed. 

The  greater  part  of  the  moths  are  single-brooded  and  Issue  as  adults 
early  in  July  after  passing  the  vdnter  In  the  pupal  stage. 


The  life  history  of  Schizoneura  laniokra  Hausm.    By  Prof.  Wm. 
B.  Alwood,  Va.  Polytechnic  Institute. 

Breeding  records  show  that  the  so-called  root  and  stem  forms  can  be 
colonized  from  root  to  stem  and  stem  to  root  at  pleasure  and  also  their 
natural  migrations  were  observed. 

A.  A.  A.  S.  VOL.  XLVII  24 
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Many  of  the  agamic  wingless  females  survive  the  winter  exposed  on 
aSrial  situations  at  Blacksburg,  Va.,  and  continue  reproduction  when  the 
climatic  conditions  are  favorable.  Records  show  twelve  generations  of 
agamic  viviparous  females  from  May  12th  to  Sept.  20th.  At  this  date 
winged  agamic  viviparous  females  were  produced  in  all  colonies  under 
observation  regardless  of  what  generation  it  might  be.  These  prove  to  be 
the  migrant  generation,  and  cannot  be  induced  to  remain  quietly  at  rest 
on  the  apple  plant  under  control  conditions,  but  are  extremely  restless 
and  fly  away.  Where  they  normally  alight  to  produce  their  young  could 
not  be  traced.  Under  confinement  they  produced  four  to  six  living  young 
which  proved  to  be  true  sexed  individuals.  These  are  small  beakless 
creatures,  with  rudimentary  lobes  where  the  mouth  parts  should  be.  About 
two-thirds  are  females,  and  one-third  males,  both  showing  peculiar  struct- 
ural characteristics. 

After  copulation  the  females  deposit  a  single  egg  which  remains  dor- 
mant over  winter.  From  long  observation  it  is  concluded  that  in  south- 
em  latitudes  the  agamic  individuals  continue  an  unbroken  chain  and  that 
the  oviparous  form  of  reproduction  plays  no  important  role  in  life  cycle. 
Only  a  small  per  cent  of  individuals  actually  present  become  winged,  but 
on  the  contrary  continue  as  normal  agamic  wingless  lice. 


The  phylogkny  of  the  North  American  Euclbid^.    By  Dr.  Harrison 
G.  Dyak,  U.  S.  National  Museum,  Washington,  D.  C. 

The  EucleidaB  (LimacodidsB  or  Cochliopodidae)  is  a  family  of  moths  with 
footless  larvae  known  as  slug-caterpillars.  I  am  acquainted  with  the  life- 
history  of  twenty  species,  and  a  partial  description  of  one  other  has  been 
published  out  of  a  total  of  some  twenty-eight  or  thirty  species  credited 
to  this  country.  The  larvae  oflTer  many  striking  structural  characters  val- 
uable In  classification  and  I  have  prepared  a  chart  showing  the  phylogeny 
of  the  twenty -one  where  larvae  are  known.  The  first  division  of  the 
phylum  corresponds  to  the  loss  of  the  lateral  tubercle  of  the  first  abdom- 
inal segment,  with  some  accompanying  characters.  On  this  branch,  the 
next  division  shows  the  origin  of  the  stinging  spine.  On  another  branch 
the  first  division  corresponds  to  the  loss  of  the  primitive  first  stage  on 
the  one  hand  and  to  the  complete  suppression  of  the  many  haired  warts 
on  the  other.    Many  details  are  illustrated  on  the  chart. 

[To  be  published  in  Journal  of  the  N.  Y.  Entomological  Society.] 


On  the  qknitalia  of  ants  and  their  value  in  classification.     By 
W.  H.  AsHMEAD,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 


Rkharks  on  Aphorphora.    By  Prof.  Edward  S.  Morse,  Salem.  Mass. 


Digitized  by 


Google 


.ZOOLOGY.  871 


Fossil  buttbbflt  fbom  thb  base  of  the  Sbvkrn  formation  (Gbkta- 
CBOUS)  OF  THB  PoTOMAO  RiVBR  BXPosuRB.  Bj  P.  R.  Uhlbr,  Balti- 
more, Md. 


On  the  ttprs  of  vertbbratb  embryos.    By  Dr.  Charles  Sedgwick 
MiNOT,  Haryard  Medical  School,  Boston,  Mass. 


On  the  kmbrtologt  of  the  rabbit.    By  Dr.  Charles  Skdgwick  Minot, 
Harvard  Medical  School,  Boston,  Mass. 


Some  new  points  in  dinichthyid  osteology.    By  Dr.  C.  R.  Eastman, 
Musenm  of  Comparative  Zoology,  Cambridge,  Mass. 

Description  of  cranial  and  dorsal  shields  of  Dinichthys  pustulosus  from 
the  Hamilton  Limestone,  shown  by  following  characters  to  be  the  most 
primitive  known  member  of  the  genus.  ( 1 )  CoccosteusAike  tnberculation. 
(2)  Cocco8t€U8'\ike  pattern  of  cranial  plates  and  arrangement  of  sensory 
canals.  (8)  Sinnons  cranial  sutures,  and  simple  union  by  overlap  of  body 
plates.  (4)  Convexity  of  body  from  side  to  side,  other  Dinichthyids 
having  a  comparatively  flat  dorsal  and  abdominal  covering.  (5)  Slight 
anterior  emargtnation  of  dorso median  plate.  (6)  Pineal  perforation  not 
yet  detected  (perhaps  wanting?). 

Review  of  cranial  osteology  of  D.  intermeditis.  The  so-called  "  parietal" 
and  **  frontal"  elements  of  Newberry  and  other  authors  declared  not 
to  exist,  the  area  assigned  to  them  being  covered  by  the  centrals  as  in 
D,  pustulosus  and  uniformly  throughout  the  family.  Identification  of  the 
side  plates  of  the  body,  heretofore  supposed  to  be  missing.  The  upper 
or  transverse  arm  of  the  "  clavicular  "  homologous  with  the  anterior  lat- 
eral of  Coccosteus,  and  the  inner  branch  of  its  bifurcated  arm  with  the 
inter-lateral  of  the  same  genus.  Outer  branch  of  the  bifurcated  arm  has 
articulated  to  its  distal  end  a  warped  plate  supposed  to  represent  a  mod- 
ified branchiostegal  apparatus.  The  term  **  clavicular"  thus  a  misnomer, 
since  the  element  has  nothing  to  do  with  a  shoulder-girdle,  and  there  is 
absolutely  no  evidence  that  such  a  structure  was  present  in  the  Dinich. 
thyids. 

The  orientation  of  the  clavicular  was  illustrated  by  diagrams.  Its  trans- 
verse arm  overrides  portions  of  the  postero-antero-dorso-laterals,  and  rests 
against  a  flange  at  the  base  of  the  external  occipital ;  hence  it  is  probable 
there  was  but  little  action  in  a  vertical  plane  between  cranial  and  dorsal 
shields,  and  none  in  a  transverse  direction.  The  flat  expansions  of  clavic- 
ular and  suborbital  must  have  projected  in  same  plane  as  the  dorso-lateral 
plates  and  head-shield  respectively,  thus  greatly  extending  the  transverse 
section  of  the  body.      As  a  result  the  more  specialized  species  of  the 
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Dinichthyids  probably  had  almost  ray-like  proportions.    Compression  of 
bodyiin  a  vertical  plane  was  doubtless  correlated  with  bottom-feeding. 

The  osteology  of  TUanichthys  agassizii  was  illustrated  by  diagrams. 
The  dorso-lateraL  plates  shown  to  be  fused  into  a  single  piece,  and  sutures 
obliterated.  The  dorso-median  shield  referred  by  Newberry  to  T.  darkii 
believed  to  be  in  reality  that  of  T.  agassizii^  and  his  supposed  **  hyoid  or 
ventral  plate  "  of  T,  clarkiU  with  its  deep  lateral  Incisions,  substituted  as 
the  dorso-median  properly  belonging  to  that  species.  Orientation  of  the 
claviculars  proves  that  Titanichthys  was  widest  in  transverse  section  of 
all  fossil  fishes  yet  discovered.  At  the  same  time,  all  the  bones  were  fore- 
shortened in  an  antero-posterior  direction.  Newberry's  supposed  "eye- 
capsules"  properly  regarded  as  olfactory  capsules;  and  his  **  coracoid" 
of  r.  darkii  shown  to  be  only  a  fragment  of  the  lower  part  of  the  clavic- 
ular. Titanichthys  and  Dinichthys  retained  in  the  Coccogteidc^,  but  Mac- 
ropetalichthys  made  the  type  of  a  new  family,  MacropetalichthicUe. 


Transformation  of  the  brook  lam  fret  (Lampetra  wildnri),  akd 
PARASITISM  AMONG  LAMPREYS.  By  Prof .  SiMON  Hbnrt  Gage,  Ithaca, 
N.  Y. 

The  transformation  of  all  the  forms  of  lampreys  is  similar  so  far  as 
known ;  that  is,  the  egg  develops  into  a  larva  or  ammocoetes  comparable 
to  a  tadpole  among  frogs  and  toads,  and  this  larva  finally  transforms  into 
the  adult. 

Up  to  the  present  time  the  larval  or  ammocoetes  form  of  the  sea,  the 
lake  and  the  brook  lamprey  has  not  been  distinguished,  although  very 
soon  after  transformation  begiils,  the  brook  lamprey  can  be  easily  dis- 
tinguished from  the  others. 

At  the  time  of  transformation  both  the  sea  and  the  lake  lamprey  are 
about  150  mm.  in  length,  while  the  adult  sea  lamprey  averages  about  700 
mm.  and  the  lake  lamprey  350  mm.  The  ova  in  the  just  transformed  lake 
or  sea  lamprey  are  very  small  and  immature,  while  those  of  the  trans- 
forming brook  lamprey  are  much  larger. 

The  period  required  for  transformation  in  the  lake  lamprey  is  rather 
extended,  that  is  from  twenty  to  thirty  days  from  the  first  apparent 
changes,  until  the  adult  form  is  assumed ;  but  that  the  metamorphosis 
has  only  just  begun  in  this  time  is  shown  by  the  fact  that  the  transform- 
ing animal  stays  under  the  sand  like  a  larva  for  about  four  months  before 
it  emerges  ready  for  a  free,  predatory  life. 

With  the  brook  lamprey,  on  the  other  hand,  the  full  size  is  attained 
during  larval  life ;  and,  as  has  been  demonstrated  during  the  last  year, 
the  animal  remains  under  the  sand  during  the  entire  period  of  transfor- 
mation and  maturation,  that  is,  from  September  or  October,  until  the  fol- 
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lowing  April,  or  about  seven  months.  It  then  emerges  from  the  sand, 
and  within  a  week  or  two  builds  its  nest,  lays  its  eggs  and  dies.  This 
accounts  for  the  fact  that  the  American  brook  lampreys  have  never  been 
seen  by  naturalists  except  at  the  spawning  season. 

Most  works  on  zoology  adopt  the  statement  of  Giinther  (Die  Fische 
des  Neckars,  1853)  that  the  food  of  lampreys  consists  of  Insects,  worms, 
Crustacea  and  other  aquatic  forms,  also  the  mucus  and  flesh,  and  possi- 
bly to  some  extent  the  blood  and  lymph,  of  fishes.  During  the  last  few 
years  abundant  opportunity  has  been  afforded  for  determining  the  food 
of  the  lake  lamprey  (Petromyzon  marinus  unicolor) ,  from  Cayuga  Lake. 
No  food  except  blood  has  ever  been  found  in  the  enteron  in  freshly 
caught  specimens  from  the  lake.  One  that  attacked  a  catfish  in  the 
aquarium  was  examined  soon  after  and  a  few  shreds  of  striated  muscle 
were  found  mingled  with  the  blood.  This  is  easily  accounted  for  as  a 
considerable  hole  was  rasped  in  the  flesh  to  get  the  blood. 

As  the  brook  lamprey  has  the  same  general  armature  of  teeth  and  a 
rasping  tongue  as  the  sea  and  lake  lampreys  possess,  it  has  always  been 
assumed  that  the  brook  lamprey  was  likewise  parasitic.  Several  brook 
lampreys  were  kept  in  an  aquarium  from  October  to  April,  that  Is,  during 
nearly  the  entire  time  of  transformation,  and  until  the  nest  bollding  be- 
gan. Small  fishes  put  In  the  aquarium  for  them  to  attack,  if  they  wished, 
were  never  molested.  Furthermore  the  lampreys  remained  under  the 
sand  like  larvae  until  within  a  short  time  before  the  nest  building  began. 
In  April,  six  days  before  brook  lampreys  were  found  spawning,  several 
nearly  mature  ones  were  obtained  from  the  sand  along  the  stream.  These 
were  put  into  the  aquarium.  They  soon  buried  themselves,  but  after 
several  days  emerged  fully  mature  and  ready  to  lay  their  eggs.  While 
the  experiment  velth  the  aquarium  made  it  highly  probable  that  the  brook 
lamprey  remains  under  the  sand  until  maturity,  the  probability  was  changed 
to  a  certainty  by  finding  the  animals  in  nature  behaving  in  the  same  man- 
ner. Whenever  the  lampreys  appear  on  the  spawning  grounds  the  ali- 
mentary canal  Is  greatly  atrophied  and  no  food  Is  taken.  That  is,  during 
the  only  time  when  the  brook  lamprey  swims  freely  in  the  water  and 
when,  from  the  development  of  Its  teeth  and  rasping  tongue,  it  might  be 
parasitic,  no  food  of  any  kind  is  eaten. 

As  it  has  thus  been  demonstrated  that  the  brook  lamprey  has  no  para- 
sitic life,  the  question  naturally  arises  as  to  the  purpose  of  the  buccal 
armature  which  is  apparently  as  perfectly  adapted  for  parasitism  as  its 
congener's,  the  lake  lamprey,  which  is  known  to  be  parasitic. 

The  suctorial  mouth  Is  used  for  nestbuUdlng  and  for  mating  in  all  lam- 
preys. Is  that  a  sufficient  explanation  for  its  existence,  and  have  the 
sea  and  the  lake  lamprey  learned  to  make  use  of  it  for  feeding  in  addi- 
tion? Or  was  this  suctorial  mouth  with  its  sharp  teeth  and  piston-Uke, 
rasping  tongue  primarily  for  stealing  food?  If  so,  the  brook  lamprey  has 
lost  its  parasitic  habits;  it  has  reformed,  so  to  speak,  and  retains  the 
suctorial  mouth  only  for  mating  and  for  nest  building. 
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Hibernation,  transformation  and  growth  of  the   common   toad 

(BUFO  LENTIGINOSUS  AMERICANOS.)      By  Prof.   SiMON   HENRY  GaGS, 

Ithaca,  N.  Y. 

In  the  literature  which  the  writer  has  been  able  to  consnlt  open  the 
hibernation  of  toads,  It  is  either  stated  that  the  animal  hibernates  In  pro- 
tected places  under  leaves,  boards,  logs  and  stones,  or  no  definite  state- 
ment is  made.  From  personal  observation  it  is  believed  that  hibernation 
takes  place  only  In  the  ground.  In  situations  which  are  not  very  moist,  and 
which  are  not  liable  to  be  frozen  They  emerge  during  the  first  continu- 
ous warm  weather  In  spring.  If,  after  emerging,  a  cold  snap  occurs,  they 
seek  the  shelter  of  boards,  leaves,  etc.,  and  It  Is  this  fact  doubtless  which 
has  led  to  the  belief  that  they  remain  In  such  places  during  the  entire 
winter. 

In  burying  Itself  in  the  ground,  the  toad  does  not  take  the  ordinary 
method  of  going  in  head  first,  but  reverses  the  process  and  backs  in.  The 
hind  legs  and  caudal  end  of  the  body  are  used  for  digging  and  the  front 
legs  for  pushing  backward.  From  the  movements  of  the  body,  the  dirt 
caves  in  as  the  animal  moves  backward,  and  thus  no  sign  of  the  hole  Is 
left. 

With  reference  to  the  temperature  which  the  animal  can  endure  during 
hibernation,  and  its  possible  recovery  if  completely  frozen,  it  was  found 
that  the  body  temperature  of  the  toad  in  a  freezing  atmosphere  was  from 
}  to  li^  Centigrade  higher  than  the  surrounding  medium.  Toads  found 
under  frozen  leaves  and  when  the  temperature  was  considerably  below 
freezing,  were  not  frozen  and  were  able  to  crawl  on  the  ice  when  uncov- 
ered. In  one  case  the  legs  and  skin  were  frozen,  but  not  the  iuternal  or- 
gans, and  that  toad  recovered ;  but  when  the  animal  was  frozen  solid  it 
never  recovered. 

The  time  for  ovulating  in  the  toad  extends  from  the  middle  of  April,  to 
the  middle  of  June,  In  Ithaca.  However,  most  of  the  eggs  are  laid  dur- 
ing the  last  of  April  and  the  first  of  May.  They  are  normally  laid  in  a 
double  string,  one  string  for  each  oviduct.  The  number  laid  at  one  time 
varies  greatly,  —  from  about  five  hundred  to  five  thousand  or  more.  In 
water  from  16°  to  18°  Centigrade  the  eggs  hatch  in  about  four  days.  In 
colder  water  the  time  Is  Increased. 

Under  favorable  conditions  of  food  and  temperature,  the  full  growth 
of  the  tadpoles  Is  attained  in  from  forty  to  sixty  days.  The  transforma- 
tion into  toads  takes  place  very  rapidly.  After  the  hind  legs  are  well  de- 
veloped, no  food  Is  taken  and  the  tadpole  changes  Into  a  toad  within  three 
days. 

One  can  get  some  clue  to  the  activity  of  the  life  processes  and  the  en- 
ergy expended  In  transformation  by  weighing  the  animal  at  tlie  beginning 
and  at  the  end  of  the  process.  For  example,  a  tadpole  at  its  maximum 
size  weighed  230  milligrams.    In  four  days,  after  the  hind  legs  had  at- 
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tained  their  fall  size  and  food  was  no  longer  taken*  the  weight  was  110 
milligrams.  In  this  stage  the  tail  did  not  show  any  signs  of  shrinkage. 
Two  days  later  when  the  tail  was  only  three  millimeters  long,  and  the 
little  toad  had  crawled  out  into  the  air,  the  weight  was  70  milligrams,  or 
less  than  one  third  the  weight  of  the  tadpole  from  which  it  developed. 

Remembering  that  with  man  and  the  other  animals  which  have  been  in- 
vestigated, the  proportion  of  water  is  greater  the  younger  the  animal, 
some  carefnl  experiments  were  made  to  see  what  part  the  loss  of  water 
played  in  the  diminution  of  weight,  in  the  toad.  The  moist  weight  of  a 
tadpole  at  .its  maximum  size  was  determined,  and  the  dry  weight  after 
thorough  desiccation.  This  showed  that  in  the  tadpole  91.6%  of  the  live 
weight  is  due  to  water  and  8.4%  to  tissue  free  from  water.  On  the  other 
hand,  the  dry  weight  of  the  just-transformed  toad  was  11.4%,  and  the 
water  88.6%  of  the  live  weight.  There  is  then  considerable  loss  in  the 
per  cent  of  water.  The  dry  weight  of  the  tadpole  was  19  milligrams  and 
of  a  toad  into  which  a  tadpole  transformed  only  8  milligrams.  Thus 
the  dry  weight  of  the  toad  is  less  than  half  the  dry  weight  of  a  tadpole 
similar  to  the  one  from  which  it  came.  This  shows  very  strilcingly  that 
there  is  great  loss  of  substance  other  than  water  in  the  transformation  of 
toad  tadpoles  into  toads.  Shrinkage  in  volume  during  transformation  has 
also  been  observed  in  other  Anoura. 

In  the  growth  of  the  toad  from  the  egg  to  the  adult  there  is  a  steady 
increase  from  the  egg  to  the  maximum  of  the  tadpole.  During  the  trans- 
formation there  is  a  marked  shrinkage ;  but  immediately  after  the  little 
toad  has  passed  the  trials  of  transformation  it  is  ready  to  take  /ood,  and 
under  favorable  circumstances  its  progress  in  size  is  quite  rapid  and 
within  a  few  years  it  may  be  uO,000  times  as  heavy  as  the  egg  from  which 
it  came.   . 


On  thb  pisoinb  ancbbtobs  of  thb  Amphibians.    By  Prof.  Thbo.  Gill, 
Columbian  University,  Washington,  D.  C. 


A  historical  NoncK  OF  Ross'  ROSY  GULL,  Rhodostbthia  rosea.     By 
John  Murdoch,  Public  Library,  Boston,  Mass. 

The  species  was  discovered  in  1823  by  Sir  James  Ross,  at  Alagnak,  Mel- 
ville peninsula,  and  was  described  by  Richardson  in  1825,  but  Macgilli- 
vray  had  published  the  name  Larus  roseus  with  a  brief  diagnosis  in  1824. 
Up  to  1881,  only  fourteen  specimens  were  known,  from  Melville  penin- 
sula, Greenland,  Faeroes,  England,  Heligoland,  Franz  Josef  Land,  north- 
eastern Siberia,  St.  Michaers,  Alaska,  and  Kamchatka  (?).  The  Point 
Barrow  expedition  (1881-83)  found  them  in  very  large  numbers,  each  au- 
tumn, flying  northeast  along  the  shore,  and  collected  a  good  series.  Fif- 
teen additional  specimens  have  since  been  taken,  all  from  the  Arctic  re- 
gions, except  one  (Bering  island).    Nansen  found  them  abundant  in  July, 
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near  Hvidtenland  (81°  38'  north).    They  undoubtedly  bred  there,  but  the 
main  breeding  ground  is  probably  the  land  believed  to  lie  not  far  north 
of  Point  Barrow.    They  probably  always  keep  close  to  the  lower  edge  of 
the  ice  pack. 
[To  be  published  in  full  in  The  Auk.] 


Thb  winter  food  of  the  chickadee.    By  Clarence  M.  Wrkd,  New 
Hampshire  College,  Durham,  N.  H. 

The  paper  records  the  results  of  a  study  of  the  food  of  the  black- 
capped  titmouse  {Paras  atricapillus)  during  the  winter  months.  Forty; 
one  specimens  were  studied  between  November,  1897  and  March,  1898. 
The  investigation  showed  that  this  bird  feeds  on  a  large  variety  of  in- 
sect life  during  the  winter.  The  most  remarkable  item  in  the  food  was 
that  of  the  eggs  of  aphides,  which  constituted  twenty-one  per  cent  of  the 
whole.  Insects  as  a  class  constituted  fifty  seven  per  cent ;  spiders  and 
their  eggs  six  per  cent ;  vegetable  matter  twenty-one  per  cent,  of  which, 
however,  fourteen  per  cent  consisted  of  buds  and  bud  scales  largely  in- 
troduced by  accident  along  with  the  aphid  eggs.  Ten  per  cent  of  the 
material  could  not  be  detei-mlned,  and  four  per  cent  consisted  of  grit  and 
other  extraneous  substances.  This  study  gives  additional  evidence  of  the 
great  usefulness  of  this  familiar  bird. 


A  RARE  8PBCIB8  OF  WHALE.    Bv  Prof.  Alphbus  Hyatt,  Bostou  Socloty 
of  Natural  History,  Boston,  Mass. 

The  specimen,  which  was  the  subject  of  this  communication,  came 
ashore  on  the  beach  at  Annisquam,  Mass.,  August,  1898.  Having,  through 
the  kindness  of  Mr.  Frank  Parsons,  secured  the  body  and  cleaned  the 
skeleton,  it  has  been  found  to  be  a  species  of  Mesoplodon. 

It  is  a  female,  Just  twelve  feet  in  length,  measuring  along  the  body 
and  making  no  allowance  for  the  curvature  of  the  sides.  The  two  teeth, 
characteristic  of  the  genus  Mesoplodon,  were  found  in  the  mid  length  of 
the  lower  jaw,  but  they  were  very  small  and  not  visible  above  the  gum. 

The  only  species  described  as  having  been  found  in  the  North  Atlantic 
is  Mesoplodon  bidenSy  and  it  is  probably  a  specimen  of  that  species.  This 
species  has  l>een  recorded  as  occurring  on  the  European  coasts,  but  has 
been  a  very  rare  visitant  of  our  shores. 


Variat  ons  in  human  bonrs,  with  illustrations  from  the  coixkc- 
TioN  of  the  medical  SCHOOL.  By  Dr.  Thomas  D wight.  Harvard 
Medical  School,  Boston,  Mass. 

This  was  a  lecture  delivered  before  Sections  F  and  H.    The  speaker 
dwelt  especially  on  anomalous  spines  of  the  vertebral  column. 
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Tub  fauna  of  Cold  Spring  Harbor.    By  Dr.  C.  B.  Davknport,  Har- 
vard UDiversity,  Cambridge,  Mass. 

The  Biological  Laboratory  of  the  Brooklyn  Institute  of  Arts  and  Sci- 
ences, located  at  Cold  Spring  Harbor,  L.  I.,  is  stationed  on  a  reentrant  of 
Long  Island  Sonnd.  The  climatic  conditions  of  this  station  differ  greatly 
from  those  of  a  salient  projecting  into  the  ocean.  First,  the  absence  of 
sweeping  winds  permits  the  growth  of  dense  woods  down  to  the  water's 
edge ;  and  in  the  woods  an  abundant  woodland  fauna  and  flora.  In  the 
terminal  moraines  lying  on  each  side  of  the  harbor,  springs  arise,  feeding 
lakes  rich  in  fresh- water  organisms  —  Volvox,  Stentor,  Hydra,  Entomos- 
traca  and  fresh- water  Bryozoa. 

Second,  the  marine  fauna  contains  few  or  no  stragglers  —  the  animals 
which  occur  in  the  tow  are  natives.  This  circumstance  makes  the  local- 
ity favorable  for  a  study  of  marine  cecology  —  the  interrelation  of  organ- 
isms and  their  dependence  on  environment.  Thus,  Cold  Spring  Harbor  is 
a  peculiarly  advantageous  point  for  collecting  animals  as  well  as  plants 
and  for  (Bcological  worlc. 

For  marine  collecting,  the  harbor  offers  sandy  beaches,  mudflats,  eel* 
grass  flats,  pile- work  and  natural  rock- work  of  boulders  both  at  and  below 
tide  mark. 

The  fauna  belongs  to  the  Virginian  province,  there  being  fewer  boreal 
types  than  in  Vineyard  Sound.  Especially  abundant  among  marine  gen- 
era are,  Hydractinia,  Asterias,  Leptosynapta,  Molgula,  Nereis,  Caprella, 
Limulus,  and  crabs  of  several  species.  Over  ninety  species  of  MoUusca 
have  been  Identified ;  of  these  many  are  very  abundant. 


Naples  station  :  general  description  and  notes  on  methods  of  work 
EMPLOYED  THERE.  By  Dr.  £.  O.  HovET,  American  Museum  of  Nat- 
ural History,  New  York,  N.  T. 

The  first  laboratory  for  the  scientific  study  of  marine  life  was  estab- 
lished on  the  Bay  of  Naples,  In  the  year  1872,  by  Br.  Anton  Dohrn. 
Although  some  thirty  stations  have  since  been  established  on  the  same 
general  plan  in  different  parts  of  the  world,  the  parent  institution  has 
always  maintained  Its  lead  In  the  character  and  amount  of  work  accom-* 
plished.  The  author  spent  several  weeks  there  last  autumn  studying  the 
methods  in  use  for  the  proper  preservation  of  soft-bodied  marine  animals 
for  purposes  of  exhibition  and  study.  The  most  popular  feature  of  the 
Station  is  of  course  the  aquarium,  which  consists  of  twenty-six  tanks  so 
arranged  that  no  light  enters  the  room  except  that  which  comes  through 
the  water  la  them.  They  contain  nil  the  hardy  and  many  of  the  delicate 
forms  of  life  for  which  the  waters  of  the  Bay  of  Naples  are  famous. 
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The  chief  fanction  of  the  Station,  however,  is  inyestlgatioii,  and  this  is 
carried  on  by  the  corps  of  nine  regular  officials  attached  to  the  institution, 
and  the  thirty  or  forty  students  from  all  over  the  world  who  come  to  the 
Station  each  year  to  profit  by  the  wonderful  opportunities  it  offers.  Hore 
than  one  thousand  men  have  studied  at  the  institution  since  its  opening. 
Outside  of  Naples,  the  Station  is  known  to  the  public  through  the  beauti- 
fully preserved  animals  which  have  been  sent  out  to  museums  and  colleges 
all  over  the  world  as  well  as  through  its  series  of  valuable  publications. 
The  paper  entered  into  some  detail  regarding  the  methods  employed  for 
the  proper  killing  and  subsequent  preservation  of  marine  animals. 


General  statement  of  types  and  figured  specimens  of  fossil  inver- 
tebrates IN  THE  American  Museum  of  Natural  History.  By  Dr. 
E.  O.  HovEY,  American  Museum  of  Natural  History,  New  York,  N.  T. 

The  collections  of  the  Geological  Department  of  the  American  Museum 
of  Natural  History  contain  at  least  7,000  types  and  figured  specimens  of 
fossils.  By  far  the  larger  part  of  these  came  to  the  Museum  through  the 
purchase  of  the  famous  James  Hall  collection  about  twenty  years  ago, 
and  comprises  a  large  proportion  of  the  paleozoic  species  of  the  New 
York  series  of  strata,  together  with  valuable  series  from  Waldron  and 
Spergen  Hill,  Indiana;  and  Racine,  Beloit  and  Other  localities  in  Wis-^ 
cousin  and  Minnesota.  The  Museum  also  possesses  the  F.  S.  Holmes 
collection,  including  many  types  from  the  Tertiary  and  Post-Tertiary  beds 
of  South  Carolina;  the  Hall  and  Meek  types  from  the  Cretaceous  of 
Nebraska ;  and  the  specimens  which  have  been  described  by  Prof.  R.  P. 
Whitfield  in  the  Bulletin  of  the  Museum. 


Ink  and  paper  for  museum  labels.     By  Dr.  Robert   T.    Jackson, 
Cambridge,  Mass. 

A  LABEL  is  a  record  of  the  facts  in  regard  to  a  specimen  and  as  such 
should  be  of  a  permanent  character.  A  good  ink  is  of  primary  impor- 
tance, as  the  average  writing  ink  is  worthless  for  permanent  records. 
Carbon  ink  (India  ink)  is  absolutely  proof  against  fading  and  is  the  only 
black  ink  suitable  for  labels.  Higgins*  or  other  liquid  carbon  inks  made 
for  draughtsmen  are  satisfactory.  A  high  grade  ink  may  be  prepared 
by  mechanically  breaking  up  a  stick  of  India  ink  and  then  dissolving  it  in 
acetic  acid.  This  is  excellent  for  alcoholic  material,  not  being  affected  by 
such  conditions. 

Rubber  stamps  are  convenient  in  museum  work,  but  the  aniline  inks  in 
common  use  are  fugitive.    A  good  stamp  ink  can  be  made  by  grinding  a 
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high  grade  of  lamp  black  in  glycerine.  Add  the  lamp  black  gradually  un- 
til the  ink  is  of  the  consistency  of  thick  syrup.  Spread  on  a  felt  pad  as 
in  the  case  of  other  rubber  stamp  inks.  This  ink  is  not  affected  by  alco- 
hol or  chemicals. 

Red  printing  inks  vary  greatly  in  their  permanency  and  care  should  be 
taken  to  secure  the  best  for  type  or  other  labels. 

The  records  of  specimens  are  sometimes  lost,  especially  in  wet  prepa- 
rations on  account  of  the  inferior  quality  of  paper  used.  The  average 
paper  is  not  sufficiently  lasting  for  permanent  records.  A  bond  paper  or 
linen  record  paper  makes  an  excellent  label.  A  heavily  sized  paper  is 
liable  to  the  attaclcs  of  insects  (Lepisma  domestica)  wtiich  eat  the  lal)el 
more  or  less  extensively  for  the  contained  nutriment. 
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BT 

WILLIAM  G.  FARLOW. 

VIOB  PREdlDBNT,    AND   CHAIRMAN   OF   SEOTION   G. 


THE  CONCEPTION  OF  SPECIE  8  A8  AFFECTED  BT  BE  CENT 
INVESTIGATIONS  ON  FUNGI. 


The  fiftieth  anniyersary  of  the  foundation  of  the  American 
Association  is  a  fitting  occasion  for  a  retrospective  view  of  the 
different  branches  of  science  represented  in  our  Society  and  one 
would  be  glad  to  hear  from  the  lips  of  some  botanist  who  was 
present  at  the  first  meeting  of  the  Association,  an  account  of  the 
changes  which  have  been  brought  about  in  the  methods  of  botani- 
cal study  and  research  and  of  the  progress  which  has  been  made 
in  North  America  during  the  past  half-century.  Fifty  years,  how- 
ever, is  a  long  time  in  the  life  of  any  individual,  and  of  those  who 
in  1848  were  young,  or  comparatively  young,  even  the  most 
favored  could  hardly  be  expected  to  retain  their  scientific  activity 
in  1898.  On  glancing  over  the  list  of  members  in  1848,  one  sees 
the  familiar  names  of  a  number  of  botanists,  including  Ashmead, 
J.  W.  Bailey,  Barratt,  Jacob  Bigelow,  Buckley,  Dewey,  Emerson, 
Engelmann,  L.  R.  Gibbes,  Gray,  B.  D.  Greene,  Edward  Hitch^ 
cock,  Oakes,  Olney,  Pickering,  Thurber,  Torrey  and  Tuckerman. 
Not  one  of  these  leaders  of  American  botany  in  their  day  remains 
to  tell  us  of  the  Association  in  its  infancy  and  to  trace  its  devel- 
opment with  the  vividness  which  personal  experience  alone  can 
supply. 

It  would  be  scarcely  fitting  in  me  to  attempt  to  give  a  general 
sketch  of  the  part  which  botany  and  botanists  have  played  in  the 
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life  of  the  AssociatioD,  nor,  rememberiDg  the  review  of  recent 
investigations  in  botany  presented  by  Professor  Marshall  Ward 
at  the  meeting  in  Toronto  last  year,  is  it  desirable  that  I  shoold 
encroach  on  the  ground  so  thoroughly  and  so  interestingly  covered 
by  him.  I  may,  however,  on  this  occasion,  be  permitted  to  say  a 
few  words  on  a  single  question  on  which  opinions  have  changed 
very  much  during  the  last  fifty  years  and,  avoiding  a  detailed  his- 
tory of  the  subject,  treat  it  somewhat  abstractly  in  its  general 
bearings ;  for  the  question,  you  will  admit,  is  one  about  which  we 
should  occasionally  ask  ourselves  what  is  probably  or  possibly  true, 
without,  however,  expecting  in  most  respects  to  be  able  to  reach 
positive  conclusions.  What  do  we  mean  by  species  ?  Do  species 
really  exist  in  nature  or  are  they  created  by  us  for  our  own  con- 
venience ?  As  I  do  not  pretend  to  be  in  the  position  of  a  philos- 
opher, but  approach  the  subject  as  a  very  commonplace  sort  of  a 
botanist,  the  word  species  as  used  by  me  means  simply  species  as 
understood  by  the  systematic  botanist  and  indirectly  by  those 
working  in  other  departments  of  botany  who  are  obliged  to  depend 
to  a  considerable  extent  upon  the  limitations  of  species  as  defined 
by  systematists. 

The  publication  of  the  Origin  of  Species  in  1859,  a  date  which 
marks  the  fall  of  the  old  school  and  the  rise  of  the  new,  is  suf- 
ficient to  show  that  it  is  not  probable  that  any  other  period  of 
fifty  years  in  the  future  will  have  the  same  comparative  historical 
importance,  as  far  as  the  question  of  the  conception  of  species  is 
concerned,  as  the  fifty  years  we  are  now  commemorating.  Had 
we  asked  any  of  the  botanical  members  of  the  Association  in  1848 
what  they  meant  by  species  they  would  have  replied,  most  of 
them  without  reserve,  a  few  with  some  hesitation,  that  in  the 
beginning  God  created  all  species  as  He  intended  them  to  be  and 
that  by  searching  the  naturalist  could  find  them  out.  Just  how 
they  recognized  species  when  they  saw  them  would  have  been  very 
hard  for  them  to  say,  as  they  did  not  agree  in  their  standards,  but 
they  would  probably  all  have  agreed  in  saying  that  the  recognition 
of  species  was  a  matter  of  individual  judgment,  one's  own  judg*" 
ment,  of  course,  being  better  than  that  of  any  one  else.  The 
skeptic  at  that  time  could  not  have  failed  to  notice  the  frequency 
with  which  what  was  home-made  was  confused  with  what  was 
God-given.  Before  1859,  creation  was  one  vast  pudding  in  which 
the  species  had  been  placed  like  plums  by  an  Almighty  hand  and 


Digitized  by 


Google 


ADDRESS   BT   WILLIAM   G.    FARLOW.  385 

the  naturalists  sitting  in  a  comer  like  greedy  little  Jack  Hornevs, 
put  in  their  thumbs  and  pulled  out  the  plums  and  cried,  ^^  See 
what  a  great  naturalist  am  I  —  I  have  found  a  new  species !" 

Probably  very  few  of  my  hearers  have  any  personal  recollection 
of  the  time  when  not  to  believe  that  species  were  fixed  and  immu- 
table creations  was  enough  to  make  one  a  scientific  and  almost  a 
social  outcast.  I  recall  but  a  few  people  whom  I  knew  who  held 
these  orthodox  views,  for  it  was  my  good  fortune  to  be  a  student 
in  college  at  the  time  of  the  appearance  of  what  was  called"  a 
new  edition  of  the  Origin  of  Species  revised  and  augmented  by 
the  author,"  published  by  D.  Appleton  &  Co.  in  1864.  By  that 
time  the  novelty  and  audacity  of  Darwin's  views  had  ceased  to 
cause  a  cold  shudder  and  certainly  the  students  of  my  time  were 
ready  to  swallow  not  only  what  Darwin  had  written  but  to  add  a 
few  little  theories  of  their  own. 

The  young  botanist  of  to-day  will,  I  think,  pardon  me,  although 
my  contemporaries  may  not,  if  I  give  a  short  sketch  of  the  Har- 
vard Natural  History  Society  in  the  sixties  as  showing  not  only 
how  changed  is  the  position  of  Natural  History  in  American  col- 
leges, but  also  the  attitude  of  college  students  at  that  day  toward 
the  then  new  doctrine  of  evolution.  If  the  Society  soon  after  my 
college  days  passed  out  of  existence,  its  end  could  not  be  said  to 
be  untimely  for  the  attitude  not  only  of  the  university  but  of  the 
scientific  public  towards  the  study  of  natural  history  had  so  changed 
that  the  old-fashioned  society  had  no  place.  Those  of  you  who  go 
to  Cambridge  next  Friday  may  perhaps  see  a  dreary,  bam-like 
sort  of  a  lecture-room  which  now  occupies  the  greater  part  of  old 
Massachusetts  Hall.  In  days  gone  by,  the  three  upper  stories  of 
the  hall  served  as  dormitories,  and  the  lower  story  was  occupied 
by  the  rooms  of  the  Natural  History  Society  sandwiched  in  between 
those  of  the  Institute  of  1770,  which  then  was  pleased  to  consider 
itself  to  be  a  literary  society,  and  the  laboratory  of  the  Rumford 
Chemical  Society  which,  as  it  emitted  none  of  the  odors  charac- 
teristic of  chemical  activity,  must  be  considered  in  my  day  to  have 
been  moribund  if  not  actually  defunct. 

The  rooms  of  the  Natural  History  Society  would  now  cause  a 
smile.  From  the  low  ceiling  were  suspended  an  alligator,  a  tur- 
key buzzard  and  such  other  creatures  as  would  not  fit  well  in  the 
wall-cases.  In  one  corner  leaned  lazily  a  large  cup-sponge,  a 
receptacle  for  the  dust  which  gravity  constantly  supplied  and  the 
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re jecta  contributed  at  frequent  intervals  by  the  members.  Around 
the  walls  was  a  very  promiscuous  collection  of  birds  and  mammals, 
some  shot  and  prepared  by  past  members,  others  the  gift  of  so- 
called  benefactors  who,  not  knowing  what  else  to  do  with  them, 
turned  them  over  to  the  Society.  Quartz  crystals  and  other  showy, 
but  not  very  valuable  minerals  hobnobbed  with  skeletons,  one  of 
which,  at  least,  must  have  been  very  useful,  if  one  could  judge  by 
the  perennial  absence  of  some  of  the  limbs  which  had  been  re- 
moved, as  was  said,  for  study. 

Botany  was  represented  by  a  single  cabinet,  whose  pigeon  holes 
were  filled  with  plants  of  New  England,  enriched  by  choice  frag- 
ments of  specimens  collected  by  well-meaning  persons  in  the  Alps 
and  by  travellers  in  the  Holy  Land.  The  plants  were  arranged  or 
rather  shuffled,  in  the  case  according  to  the  wishes  or  necessity  of 
the  curator  of  the  time  being.  We  were  quite  eclectic  in  our  view 
of  botanical  classification,  some  pigeon-holes  being  arranged  on 
the  Linnsean  system,  some  on  the  natural  system  and  some  appar- 
ently alphabetically.  Whatever  real  value  the  collections  may 
have  had,  once  a  year  they  were  at  least  ornamental.  Every  year 
the  members  were  photographed  and  the  alligator,  the  turkey-buz- 
zard, and  the  human  skeleton  were  taken  down  and  added  to  the 
group  to  show  that  we  were  really  the  Natural  History  Society  and 
not  the  Hasty  Pudding  or  the  Phi  Beta  Kappa. 

The  old  collections  were  long  ago  dispersed  and  the  little  which 
was  of  value  is  now  incorporated  with  the  different  university  col- 
lections. You  may  perhaps  be  curious  to  know  what  the  members 
of  the  Society  did.  That  is  easily  told.  They  all  talked  and  some 
dissected  cats.  The  talk  was  to  a  great  extent  about  the  origin  of 
species  and,  no  matter  what  was  the  subject  of  the  papers  an- 
nounced for  the  evening  meeting,  it  was  not  often  that  we  adjourned 
without  dropping  into  a  discussion  on  evolution.  Few  had  really 
read  Darwin's  book  but  all  felt  able  to  discuss  the  great  scientific 
question  of  the  day,  in  which  respects  we  did  not  differ  from  some 
older  and  more  learned  people.  Although  the  traditional  man  who 
is  always  on  principle  ^^  on  the  other  side  "  was  not  wanting,  we 
were  practically  unanimous  in  our  opinion.  We  all  felt  that  a  new 
day  had  dawned,  that  the  old  view  of  looking  at  species  as  fixed 
creations  and  ignoring  as  far  as  possible,  the  significance  of  their 
tendency  to  vary  had  been  forever  upset  by  Darwin  and  that  here- 
after we  must  look  to  evolution  as  brought  about  by  natural  selec- 
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tion  to  iQterpret  species  as  we  now  find  them.  Not  being  well 
informed  in  regard  to  the  history  of  scientific  opinion,  we  assumed 
somewhat  hastily  that  before  Darwin  all  was  darkness,  and  we  did 
not  trouble  ourselves  to  go  back  and  inquire  whether  there  were 
not  others  who  had  had,  at  least,  glimpses  of  the  great  truths  of 
evolulion,  but  even  had  we  heard  that  there  were  some  before 
Darwin  who  did  not  believe  in  the  fixity  of  species,  it  would  still 
have  been  true  that  it  was  Darwin's  book  by  which,  practically,  the 
world  at  large  was  enlightened  on  the  subject. 

Forty  years  have  passed  and  inasmuch  as  we  are  all  evolutionists 
either  of  the  Darwin  school  or  some  related  school,  the  question 
suggests  itself.  Is  our  belief  in  evolution  merely  dogmatic  like 
some  of  the  theological  doctrines  which  we  believe  thoroughly  but 
which  we  do  not  allow  to  interfere  with  our  daily  life,  or,  as  far  as 
botany  is  concerned,  has  our  belief  modified  the  manner  in  which 
we  treat  what  we  call  species  ?  The  mere  fact  that  we  now  recog- 
nize that  species  have  been  derived  from  other  species  and  are  on 
the  way  to  develop  into  still  other  species,  would  naturally  lead  us 
to  be  more  liberal  in  our  treatment  of  them  systematically  than  in 
the  days  wheo  variation  was  almost  a  crime  against  the  Almighty. 
Certainly,  with  evolution  as  a  key  to  guide  us,  our  conceptions  of 
genera  and  orders  ought  to  be  far  more  scientific  than  they  were. 

A  species  has  been  defined  as  a  perennial  succession  of  like  in- 
dividuals and,  although  no  definition  is  perfect,  I  doubt  whether  a 
better  definition  of  species  has  ever  been  invented.  It  is  a  pecu- 
liarity of  definitions,  however,  that  they  all  need  to  be  defined.  In 
the  present  case  we  must  be  told  what  is  meant  by  the  word  per- 
ennial and  what  is  meant  by  like.  To  the  pre- Darwinian,  perennial, 
of  course,  meant  for  all  time.  By  the  early  Darwinians  we  are  not 
told  whether  by  perennial  they  meant  a  hundred,  a  thousand  or  a 
million  years,  but  until  we  know,  at  least,  approximately  what  is 
meant,  we  must  still  ask  how  long  must  be  the  suci^ession  of  like 
individuals  to  establish  a  good  species.  Otherwise  the  whole  matter 
of  the  distinction  between  a  race  and  a  species  cannot  be  settled 
practically.  If  there  is  nothing  definite  in  writings  of  the  time  of 
Darwin  to  explain  the  limits  of  the  perennial  succession,  we  should 
bear  in  mind  that  the  object  then  was  to  bring  out  boldly  the  sa^ 
lient  points  of  evolution  as  governed  by  natural  selection  and  the 
illustrations  used  were  taken  almost  exclusively  from  the  higher 
animals  and  plants  in  which  the  lives  of  individuals  are  of  such 
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duration  that  it  was  impossible  to  obtain  accurately  the  records  of 
a  large  number  of  generations  in  any  case.  Enough  was  shown 
and  cited  to  show  from  the  records  of  comparatively  few  genera- 
tions a  general  tendency  which  it  was  assumed  would  be  confirmed 
could  the  geological  record  be  followed,  and  we  can  suppose  that, 
so  far  as  they  considered  the  question  at  all,  the  early  Darwinians 
took  it  for  granted  that  the  perennial  succession  needed  to  establish 
a  species  covered  very  long  intervals  of  time.  While  one  need 
not  object  to  this  method  of  reasoning,  it  is  plain  that  the  practical 
question  of  when  a  race  or  variety  ceases  to  be  a  race  and  becomes 
a  species  was  left  open  and  it  is  questions  of  this  sort  which  the 
systematist  is  constantly  called  upon  to  answer. 

What  could  be  learned  only  slowly  and  fragmentarily  from  ob- 
servations and  experiments  on  higher  plants  and  animals  might 
perhaps  be  learned  much  more  easily  could  one  experiment  with 
organisms  whose  cycle  of  life  is  completed  with  great  rapidity. 
For  this  purpose  one  might  suppose  that  nothing  could  be  better 
than  bacteria,  which  are  easily  managed  in  the  laboratory  and 
whose  development  takes  place  with  such  rapidity  that  it  is  possible 
for  the  experimenter  to  watch  the  course  of  hundreds  or  even  of  a 
thousand  generations  in  a  comparatively  short  time^ 

The  advantage  to  be  expected  from  studying  forms  in  which  the 
development  is  very  rapid  is,  however,  made  difficult  for  purposes 
of  comparison  by  their  extreme  simplicity  and  the  difiSculty  and, 
at  times,  impossibility  of  finding  sufficiently  marked  morphological 
characters  to  guide  us  and,  in  the  absence  of  such  eharactera,  the 
bacteriologist  is  often  forced  to  base  what  he  calls  his  species  on 
physiological  characters,  including  in  that  tei*m  zymotic  and  path- 
ological action.  By  botanists,  who  are  not  specially  bacteriolo- 
gists, the  so-called  species  of  bacteria  are  not  admitted  to  be  species 
in  the  proper  sense.  Whether  scientifically  considered  they  are 
not  as  legitimately  species  as  what  are  called  species  in  speaking 
of  the  higher  plants,  is  a  very  pertinent  question.  Any  definition 
of  species,  to  be  scientifically  accurate,  must  in  its  essential  points 
apply  to  all  plants  and  all  animals  and,  if  a  species  of  flowering 
plant  is  a  perennial  succession  of  like  individuals,  it  is  hard  to  see 
why  in  bacteria  a  perennial  succession  of  like  individuals  does  not 
also  constitute  a  species.  That  the  individuals  in  bacteria  are 
very  different  from  the  individuals  in  flowering  plants  is  certainly 
true,  but  that  does  not  affect  the  question  of  the  validity  of  the 
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species  in  the  former.  As  far  as  the  perpetuation  of  morphological 
likeness  of  the  individuals  is  concerned  there  is  no  doubt  that  it  is, 
to  say  the  least,  as  complete  in  bacteria  as  in  flowering  plants  and 
the  physiological  constancy  has  been  shown  by  competent  observers 
to  persist  in  some  cases  for  hundreds  of  generations.  That  these 
many  generations  have  been  produced  in  months  rather  than  in 
hundreds  of  years  does  not,  it  seems  to  me,  affect  the  case. 

When  therefore,  the  botanist  denies  that  physiological  species 
are  properly  species,  he  is  practically  admitting  that  his  own  defi- 
nition, the  perennial  succession  of  like  individuals,  is  used  by  him 
in  a  special  sense,  and  he  does  not  seem  to  be  aware  that  species 
as  he  limits  them  are  artificial  and  not  natural.  The  belief  that 
species  should  be  based  on  morphological  rather  than  physiological 
characters  rests  on  the  assumption  that  the  foimer  are  more  likely 
to  be  inherited  and  thus  show  the  ancestry  while  the  latter  are 
more  likely  to  be  the  result  of  the  temporary  attempts  of  the  or- 
ganism to  adapt  itself  to  the  environment.  It  is  perhaps  a  ques- 
tion whether  the  grounds  for  this  belief  are  as  valid  as  has  been 
supposed.  We  readily  see  morphological  characters  which  have 
been  inherited,  but  it  is  usually  only  by  accident  or  experiment 
that  we  recognize  the  physiological  or  pathological  qualities. 

Let  us  turn  for  a  moment  from  bacteria  to  Saccharomycetes 
whose  characteristic  function  is  to  invert  and  ferment  the  different 
sugars.  Here  we  have  a  group  much  more  limited  in  number  of 
species  than  the  bacteria,  but  like  them  microscopic  and  rapidly 
growing.  Although  not  long  ago  they  were  classified  after  a 
fashion  on  their  morphological  characters,  the  admirable  investi- 
gations of  E.  C.  Hansen  and  his  follower  have  pointed  out  the 
important  fact  that  these  characters,  taken  by  themselves,  are  less 
fixed,  although  the  limits  of  their  variation  may  be  fixed,  than  cer- 
tain physiological  characters  such  as  the  maximum  and  minimum 
temperatures  of  growth,  and  especially  the  temperature  at  which 
spore- formation  takes  place.  It  is  in  these  last-named  characters 
rather  than  in  the  former  that  the  specific  distinctions  in  Saccha- 
romycetes are  sought  by  those  who  study  that  group  specially. 

The  same  objection  is  urged  by  botanists  in  this  as  in  the  case 
of  bacteria  that  the  so-called  species  are  not  species  but  races. 
We  naturally  ask,  races  of  what  species?  There  have  been  many 
attempts  to  determine  the  origin  of  the  common  Saccharomycetes 
and  the  question  has  been  supposed  more  than  once  to  be  settled. 


Digitized  by 


Google 


S90  SECTION  G. 

Without  intending  to  imply  that  the  question  is  not  9iill  open  to 
investigation,  I  mast  admit  that  there  does  not  yet  seem  to  me  to 
be  any  satisfactory  proof  to  show  from  what  higher  foims  Saccha^ 
romycetes  have  been  derived.  Although  there  can  be  no  doubt 
that  in  the  germination  of  spores  of  certain  fungi,  especially  the 
Ustilaginaceae,  bodies  are  produced  in  abundance  which  not  only 
closely  resemble  Saccharomycetes  in  shape  but  also,  in  some  cases 
at  least,  are  capable  of  producing  alcoholic  fermentation  to  a  lim- 
ited extent,  it  does  not  seem  to  me  that  that  is  bj'  any  means 
enough  to  warrant  the  opinion  expressed  by  Brefeld  that  the 
Saccharomycetes  are  derived  from  and  are  degenerate  conditions 
of  Ustilaginacese.  In  fact,  one  has  only  to  consult  Brefeld's  own 
writings  to  see  that  Saccharomycetes-like  bodies  are  produced  by 
the  germinating  spores  of  other  orders  of  fungi  than  Ustilaginaceas 
and  it  is  known  that,  in  some  species,  as  in  the  genus  Aspergillus 
and  in  certain  Mucoraceae,  the  budding  cells  which  look  like  the 
Saccharomycetes,  using  the  word  in  the  limited  sense,  are  also 
capable  of  producing  alcoholic  fermentation. 

On  the  other  hand  no  one  has  yet  succeeded  beyond  a  doubt  in 
making  the  Saccharomycetes  proper  revert  to  a  higher  ancestral 
form.  I  say  beyond  a  doubt,  because  the  observations  of  Juhler, 
Joergensen  and  Johan-Olsen  on  the  relation  of  Aspergillus,  Sterig- 
matocytis  and  Oematium  to  Saccharomycetes  have  not  been 
confirmed  by  other  equally  good  observers,  as  Kioecker  and  Schioen- 
ning,  and,  for  the  present,  at  least,  we  must  regard  the  observa- 
tions of  Joergensen  and  Johan-Olsen  as  affording  still  other 
instances  of  the  fact  that  under  proper  conditions  the  germinating 
spores  of  many  fungi  produce  bodies  like  Saccharomycetes,  while 
they  do  not  show  conclusively  that  forms  recognized  by  specialists 
as  genuine  Saccharomycetes  can  be  transformed  into  fungi  of  other 
orders.  They  do,  however,  show  that  the  views  of  Brefeld  that 
the  Saccharomycetes  are  derived  from  Ustilaginaceae  could,  at  the 
best,  be  only  partially  true. 

Let  us  return  to  the  question  as  to  wliether  or  not  species  of  the 
Saccharomycetes,  as  defined  by  Hansen  for  instance,  should  be 
allowed  to  be  called  species  in  the  proper  sense  of  the  word.  Of 
course  no  one  supposes  that  they  have  always  existed  in  their 
present  form  and,  although  we  have  no  exact  knowledge  of  the 
ancestors  of  the  present  species,  we  naturally  suppose  that  they 
were  derived  from  some  other  higher  fungi,  as  the  expression  goes. 
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Whether  derived  from  one  particular  order  of  fungi  or  from  several 
different  orders,  the  species  as  we  now  see  them  seem  to  be  con- 
stant in  the  sense  that  that  word  must  be  used  in  speaking  of 
species  of  any  group  of  plants.  The  shape  of  the  cells  in  any 
given  species,  although  variable  to  some  extent,  is  constant  within 
definable  limits  and  although  they  have  periods  of  rest  and  periods 
of  activity  their  physiological  action  seems  to  be  the  same  under 
similar  conditions. 

We  might  be  justified,  it  seems  to  me,  in  regarding  as  races  the 
Saccharomycetes-like  forms  which  result  from  the  germination  of 
spores  of  higher  fungi  provided  they  continued  to  live  an  inde- 
pendent existence  for  a  time  and  were  not,  as  is  more  likely  to  be 
the  case,  merely  accidental  conditions  depending  on  unusual  or 
unfavorable  conditions  of  germination,  but  the  Saccharomycetes 
in  the  limited  sense  are  constant,  as  far  as  constancy  is  to  be  ex- 
pected in  living  organisms  in  general,  they  cannot  be  made  to 
revert,  as  far  as  we  know,  and  I  therefore  fail  to  see  why  they 
should  not  be  admitted  to  be  scientific  species.  The  same  is  true 
of  the  physiological  species  of  bacteria,  meaning  of  course  those 
which  have  been  well  studied  and  excluding  the  mass  of  ill-de- 
scribed and  ill-known  forms  which  abound  in  bacteriological  writ- 
ings. When  a  race  has  become  so  constant  that  it  no  longer 
reverts  and  we  cannot  tell  from  what  species  it  came,  it  is  no  lon- 
ger a  race,  but  a  species. 

It  may  be  objected,  however,  that  both  bacteria  and  Saccha- 
romycetes differ  from  ordinary  plants  in  a  most  important  respect, 
viz.,  that  there  is  a  complete  absence  of  sexuality  and  the  repro^ 
duction  is  purely  vegetative.  There  are  a  few  botanists,  to  be 
sure,  who  think  that  there  is  a  form  of  sexuality  in  Saccharomy- 
cetes, but  botanical  opinion,  at  present,  is  so  overwhelmingly  on 
the  other  side  that  to  call  the  question  an  open  one  would  require 
an  explanation  which  time  will  not  permit.  It  may  be  urged  that 
in  plants  in  which  sexuality  is  wanting  we  have  no  right  to  speak 
of  a  perennial  succession  of  like  individuals,  for  it  may  be  claimed, 
succession  means  by  sexual  generation  only.  This  interpretation 
is  very  convenient  if  one  wishes  to  ignore  forms  like  bacteria  and 
Saccharomycetes  in  the  consideration  of  the  question  of  species, 
but  to  exclude  them  on  this  ground  is  somewhat  dangerous  unless 
we  are  prepared  to  admit,  off  hand,  that  species  are  purely  artificial. 

It  is  the  custom  to  speak  of  bacteria  and  Saccharomycetes  aa 
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degenerate  forms.  What  is  meant  by  this  expression  is  not  plain 
unless  it  means  that,  arising  presumably  from  plants  in  which  sex- 
uality was  present,  ihey  have  become  non-sexual.  Undoubtedly 
sexuality  is  the  rule  in  nature,  but  it  should  be  borne  in  mind  that 
it  is  not  universal.  I  do  not  refer  here  to  fungi  like  Ascomycetes 
and  Basidiomycetes  which,  accepting  the  hasty  conclusions  of  the 
Brefeld  school,  have  been,  even  by  a  good  many  of  our  own 
botanists,  included  in  the  limbo  of  non-sexual,  degenerate  forms 
from  which  more  recent  observers  are  gradually  rescuing  them.  I 
refer  rather  to  species  like  RJiodymenia  pdlmata,  one  of  the  com- 
monest red  seaweeds  of  the  North  Atlantic  in  which,  so  far  noth- 
ing has  been  discovered  but  the  non-sexual  tetrasporic  reproduction. 
This  is  not  an  isolated  case  and  others  will  probably  occur  to  my 
hearers.  Furthermore  we  must  admit  that  the  number  of  species 
normally  sexual  but  in  which  apogamy  sometimes  occurs  has  been 
perceptibly  increased  by  the  studies  of  botanists  in  recent  years. 
In  such  cases  as  that  of  Rhodymenia  it  may  be  that  the  cystocar- 
pic  fruit  really  exists  and  will  be  found  later ;  but,  since  botanists 
have  searched  for  it  in  vain  for  many  years,  it  must  be  very  rare, 
and  certainly,  as  far  as  we  know  it,  the  plant  is  non-sexual. 

In  regard  to  cases  of  apogamy  we  have  not  yet  sufficient  data  as 
to  their  capacity  for  propagating  themselves  continually  apoga- 
mously,  although  in  such  cases  as  that  of  Chara  crinita^  if  we  may 
judge  by  the  distribution  of  the  species  in  central  Europe,  there 
seems  to  be  no  reason  to  believe  that  they  may  not  do  so  indefi- 
nitely. The  not  inconsiderable  number  of  species  of  mosses,  some 
of  them  common  species,  in  which  the  male  or  female  only  is 
known  and  the  number  of  marine  algce  which,  in  spite  of  their 
frequency  bear  only  tetraspores  or  at  most  bear  cystocarps  very 
rarely,  should  make  us  cautious  in  so  defining  what  we  mean  by 
species  as  to  imply  that  we  consider  that  the  perennial  succession 
refers  only  to  succession  by  sexual  generation. 

We  cannot  fail  to  notice  an  increasing  tendency  among  crypto- 
gamic' botanists  to  give  more  and  more  weight  to  physiological 
characters  in  limiting  their  species.  For  some  time  we  have  been 
accustomed  to  think  of  the  species  of  bacteria  as  lai^ely  physio- 
logical and  we  are  gradually  accustoming  ourselves  to  the  views  of 
those  who  hold  the  same  view  in  regard  to  species  of  Saccharomy- 
cetes.  More  recently  still  we  find  that  in  another  higher  order  of 
fungi,  the  Uredinacese,  experts  are  coming  more  and  more  to  rely 


Digitized  by 


Google 


ADDRESS   BT  WILLIAM  G.   FARLOW.  393 

OQ  physiological  characters.  If  in  bacteria  and  Saccharomycetes 
we  have  plants  which  are  generally  recognized  to  be  non-sexual, 
in  Uredinaceae  the  probability  is  that  there  is  sexuality ;  at  least, 
the  probability  is  here  much  stronger  than  in  the  other  two  groups. 
By  some  the  sexuality  of  Uredinaceae  is  considered  already  proved, 
but  admitting  that  the  form  of  nuclear  union  demonstrated  by 
Dangeard  and  Sappin-Trouffy  and  confirmed  by  some  other  bot- 
anists must  have  some  important  significance,  not  only  in  this, 
but  in  other  orders  of  fungi  where  it  occurs,  there  are  reasons  for 
not  regarding  the  union  in  this  case  as  representing  true  sexuality. 
On  the  other  hand,  although,  no  one  has  as  yet  quite  proved  it, 
there  appear  to  be  reasons  for  supposing  that,  in  the  aecidial  stage, 
a  form  of  true  sexuality  occurs  comparable  with  what  is  known  in 
some  ascomycetous  fungi.  Time  alone  will  show  whether  this 
present  probability  is  a  reality,  but  at  any  rate,  the  position  of 
Uredinacese  in  regard  to  sexuality  is  undoubtedly  very  different 
from  that  of  bacteria  and  Saccharomycetes. 

One  who  takes  up  the  recent  descriptive  works  on  Uredinaceae 
is  surprised  to  see  the  number  of  species  which  depend  on  physio- 
logical characters.  The  former  method  of  describing  the  species 
of  this  order  from  the  morphological  characters  of  the  teleuto- 
sporic,  the  uredosporic  and  aecidial  stages  was  certainly  suflaciently 
perplexing,  but  one  almost  gives  up  in  despair  on  seeing  species 
in  which  the  different  stages  are  identical  in  all  respects,  except 
that  some  of  them,  usually  the  aecidia,  will  grow  only  on  certain 
hosts.  Facts  like  this  are  of  course  only  determined  by  artificial 
inoculations,  altliough  they  may  sometimes  be  suspected  by  the 
distribution  of  the  different  stages  in  nature.  In  this  complicated 
state  of  things,  more  complicated  than  in  any  other  order  of  plants, 
we  are  compelled  to  examine  very  critically  the  accounts  of  cul- 
tures^made  even  by  botanists  of  high  reputation,  and  it  is  only 
natural  that  we  should  hesitate  to  give  implicit  confidence  to  neg- 
ative^esults  unless  the  obseiTations  have  been  repeated  by  other 
observers  at  other  times  and  places.  Even  from  scattered  posi- 
tive results  one  should  avoid  drawing  too  wide  general  conclusions. 
We  may  readily  suppose  that  some  of  the  supposed  distinctions 
in  the  choice  of  their  hosts  by  different  Uredinaceae  will  be  proved 
hereafter  not  to  be  founded  on  fact,  but,  making  all  proper  allow- 
ances for  possible  errors  in  observations  and  for  hasty  speculation 
in  a  field  where  speculation  is  so  easy  and  accurate  experiment  so 
difiQcult,  we  have  to  admit  that  in  a  good  many  cases  surprising 
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results  have  been  oonfirmed  by  repeated  obsei'vations  and  the  ten- 
dency to  split  up  species  on  physiological  grounds  becomes  more 
and  more  marked. 

As  the  subject  is  somewhat  complicated  it  will  be  well  to  con- 
sider a  few  prominent  cases  by  way  of  illustration.  An  instruct- 
ive case  is  that  of  the  Puccinia  on  PhcUaris  arundinacea  referred 
to,  among  other  subjects,  by  Magnus  and  Klebahn  in  papers  pub- 
lished in  1894  and  1895.  To  the  teleutospores  was  originally 
given  the  name  Puccinia  sessilis  Schneider  which  was  found  by 
Winter  to  bear  its  secidia  on  Allium  ursinum.  Later  Plowright 
experimented  with  a  species  which  grew  on  Phalaris  whose  teleu- 
tospores could  not  be  distinguished  from  those  of  P.  sessiliSj  but 
whose  aecidia  could  be  produced  on  Arum  maculatum  though  not 
on  Allium.  To  this  physiological  species  Plowright  gave  the  name 
of  P.  Phcdaridis.  Still  later  Soppit  discovered  that  a  Puccinia 
undistinguishable  from  P,  sessilis  and  P,  Phalaridis  in  its  teleu- 
tospores produced  its  secidia  on  ConvaUaria  majalis.  To  this 
species  he  gave  the  name  of  P.  Digraphidis.  Had  these  observa- 
tions not  been  confirmed  by  others  we  might  have  doubted  whether 
Winter,  Plowright  and  Soppit  had  not  really  experimented  with 
the  same  species  of  Puccinia  but,  owing  to  some  accident  of  their 
cultures,  had  succeeded  in  inoculating  only  different  hosts  whereas 
it  might  well  be  the  case  that  the  aecidia  on  the  three  hosts  might 
by  subsequent  cultures  prove  to  be  the  same  and,  in  that  case,  P. 
sessilis  would  really  be  only  an  instance  of  a  Puccinia  which  pro- 
duces aecidia  on  three  different  hosts,  not  an  infrequent  case.  The 
observations  of  Magnus  showed  that  P.  Digraphidis  bore  aecidia 
also  on  Polygonatum,  and  Maianthemum,  genera  closely  related 
to  Convallaria.  So  far  as  concerned  Polygonatum  and  Maianthe- 
mum, Soppit  and  Magnus's  observations  were  confirmed  by  Kle- 
bahn. The  ease  is  complicated  by  a  difference  of  opinion  as  to 
whether  the  aecidium  on  Paris  is  connected  with  P.  Digraphidis 
or  whether  there  is  not  a  fourth  distinct  species,  P.  Paridisy  as 
believed  by  Plowright. 

We  need  not  stop  to  consider  the  further  history  of  this  com- 
plicated case  as  it  is  introduced  here  merely  to  illustrate  the  method 
and  tendency  of  recent  workers  in  this  field.^  The  above  named 
botanists  who  studied  the  species  of  Puccinia  on  Phalaris  seem  to 

1  ThOBe  Interested  In  the  Bubject  may  consolt  with  profit  an  article  by  Klebahn, 
**  Ueber  den  gegenw&rtigeu  Stand  der  Biologie  der  BostpUze  In  Botanlache  Zeitvng 
of  16  May  1898." 
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agree  in  speaking  of  P.  sessilis^  P.  digraphidis  and  P.  pkcUaridis 
as  distinct  species,  although  Plowright  considered  P.  Paridis  to 
be  distinct  from  P.  Digraphidis^  whereas  Magnus  considered  the 
two  to  be  what  he  calls  adaptive  races  (Gewohnheitsracen)  of  the 
same  species.  Magnus  speaks  of  the  three  species  as  biological 
species  which  he  distinguishes  from  adaptive  races,  the  latter  in- 
cluding forms  in  which,  although  the  aecidium  may  be  produced 
on  different  hosts,  it  does  not  appear  to  be  so  frequent  or  so  well 
developed  on  some  hosts  as  on  others,  showing  in  the  one  case  that 
the  adaptation  is  more  complete  than  in  the  other.  Klebahn, 
although  admitting  that  it  is  not  of  real  importance  whether  one 
regards  such  forms  as  the  Pucciniee  on  Phalaris  as  species  or  races, 
nevertheless  states  that  he  sees  no  reason  why  they  should  not  be 
considered  to  be  genuine  species  rather  than  races. 

Another  instance  in  point  is  the  group  of  aecidia  generally 
known  as  species  of  Peridermium,  which  infest  species  of  Pinus. 
It  had  for  some  years  been  recognized  that  the  aecidial  stage  of  the 
corticolous  form  of  Peridei-mium  Pini  was  not  tlie  same  as  that  of 
the  form  on  the  leaves ;  but  in  recent  years  the  subdivision  has  been 
canned  much  farther,  owing  to  cultures  made  by  Klebahn,  Edouard 
Fischer,  Rostrup  and  others.  The  former  has  distinguished  at  least 
seven  species  of  Peridermium  on  Pinus  sylvestris  alone,  whose 
uredo-  and  teleutospores  are  to  be  found  in  the  species  of  Coleospo- 
rium  which  grow  upon  different  genera  of  Compositte,  Scrophulari- 
acese  and  Campanulacese.  Although  Klebahn  is  inclined  to  see 
minor  differences  in  the  shape  and  markings  of  the  aecidial  spores  of 
some  of  the  species,  it  must  be  admitted  that  the  differences  in 
some  cases  are  so  slight,  both  in  the  case  of  the  aecidial  spores  and 
the  corresponding  teleutospores  that,  were  it  not  that  cultures  show 
the  connection  between  the  form  of  one  host  with  that  on  another 
to  the  exclusion  of  other  hosts,  it  is  hardly  likely  than  many  bot- 
anists would  consider  them  as  distinct  species. 

The  most  suggestive  Uredinaceae  for  our  present  purpose  are 
the  different  species  of  Puccinia  which  attack  grains  and  other 
grasses,  for  a  knowledge  of  which  we  are  indebted  to  the  researches 
of  Eriksson  and  Hcnning  in  Sweden,  whose  work  is  certainly  a 
model  of  careful  investigation.  I  take  it  for  granted  that  most  of 
my  hearers  are  already  acquainted  with  the  character  of  the  work 
in  question  and  we  need  stop  to  consider  only  those  points  which 
bear  upon  the  subjects  we  are  discussing.     Of  the  three  common 
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rusts  which  affect  grains,  Puccinia  graminis^  P.  rubig<hV€ra  and  P. 
coronata^  the  aecidia  are  to  be  found  respectively  in  JEcidium  Ber- 
beridis^  JEc.  Asperifolii  and  ^c.  Bhamniy  according  to  the  pre- 
viously accepted  view  in  regard  to  those  species.  Judging  by  the 
morphological  characters  of  the  teleutospores  and  the  uredospores 
alone,  these  three  species  occur  on  a  large  number  of  different 
grasses.  In  making  inoculations  to  ascertain  the  facts  in  regard 
to  the  secidia  of  the  species,  Eriksson  and  Henning  found  that 
what  was  supposed  to  be  P.  graminis  growing  on  PTielum  pratense 
and  Festuca  elatior  had  no  aecidia,  and  they  described  this  form 
under  the  name  of  P.  Phlei-pratensis,  Pvxicinia  coroncUa  is  sepa- 
rated into  two  species  :  P.  coronifera  and  P.  coronata,  the  former 
having  its  secidium  on  Bhamnus  caJtharticus^  the  latter  with  aecidia 
on  Bhamnus  Frangula^  with  perhaps  two  other  forms  to  be  sep- 
arated from  the  old  P.  coroncUa.  Puccinia  rubigo-vera  is  sepa- 
rated into  three  species :  P.  glumaruniy  P.  dispersa  and  P.  sim- 
plex —  the  distinctions  based  largely  on  the  presence  or  absence 
of  the  secidium  although  there  are  also  certain  differences  in  the 
habit  and  color  of  the  other  stages.  The  three  original  species 
are  split  up  into  seven  species,  besides  two  uncertain  forms,  char- 
acterized in  the  main  by  physiological  characters.  Furthermore, 
of  P.  graminis^  six  specialized  forms  are  enumerated,  characterized 
by  differences  in  the  inoculating  capacity  of  the  uredo-  or  teleuto- 
spores on  different  hosts.  The  other  species  also  have  their  special- 
ized forms,  the  total  number  being,  I  believe,  twenty-eight.  We 
may  consider  the  specialized  forms  to  be  races  and,  in  that  case, 
certainly,  we  shall  have  to  agree  with  Eriksson  and  Henning  in 
considering  their  seven  species  as  species  rather  than  races.  The 
important  point  is  to  know  whether  the  differences  observed  are 
temporary  and  accidental  or  permanent.  It  is  too  much  to  ask 
for  the  confirmation  of  the  results  of  these  two  experimenters  just 
now,  for  their  work  is  recent  and  has  been  carried  so  far  beyond 
that  of  previous  experimenters  that  it  must  require  a  considerable 
number  of  years  before  we  could  expect  the  work  to  be  repeated 
by  others.  So  far  as  the  experiments  have  been  repeated,  as  in 
the  case  Jo  f  P.  coronifera  and  P.  coronata,  it  has  been  confirmed. 
Enough  has  been  said  to  show  that  the  conception  of  species  by 
those  who  are  doing  the  most  advanced  work  in  fungi  is  much 
more  flexible  than  it  used  to  be  and  significance  is  to  be  attached 
to  the  fact  that  the  number  of  those  who,  as  viewed  by  the  typi- 
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cal  systematic  botanists,  hold  very  heterodox  views  is  increasing. 
The  explanation  is  to  be  sought  in  the  fact  that  descriptive  botany 
in  certain  groups  of  plants  has  reached  a  point  where  the  ordinary 
morphological  characters  no  longer  suffice  to  classify  what  we 
know  or  wish  to  know  about  the  plants  themselves.  It  was  my 
privilege  eleven  years  ago  to  address  what  was  then  the  biological 
section  of  the  Association  on  a  subject  somewhat  related  to  that 
of  to  day  and  my  closing  sentence  then  was :  '*  Following  the  pre- 
vailing tendency  in  business  affairs  the  question  they  [botanists] 
ask  of  plants  is  not  so  much,  'Who  is  your  father  and  where  did 
you  come  from  ? '  as,  'What  can  you  do  ? '  " 

The  tendency  noticed  eleven  years  ago  is  even  more  marked 
at  the  present  day.  As  compared  with  the  times  of  which  I  at- 
tempted to  give  a  sketch  in  my  opening  remarks,  I  think  we  may 
truly  say  that  whatever  may  be  the  case  in  zoology,  in  botany  the- 
oretical considerations  with  regard  to  evolution  play  a  much  less 
important  part  than  they  used  to.  In  the  case  of  such  plants  as 
Lycopodiacese,  Equisetaceae  and  their  allies  and  of  certain  orders 
of  phanerogams,  the  ancestral  question  naturally  remains  as  im- 
portant as  ever;  but,  although  papers  on  other  orders  of  plants 
accompanied  by  hypothetical  genealogies  and  family  trees  of  the 
banyan  type  appear  at  not  infrequent  intervals  in  botanical  journals, 
they  are  quite  overshadowed  in  general  interest  by  the  papers  on 
cytology,  life  histories  and  physiology.  That  was  not  the  case  in 
the  sixties  when  nothing  compared  in  interest  with  the  question  of 
the  origin  of  species*  While  we  cannot  be  too  grateful  to  Darwin 
for  having  opened  our  eyes  to  see  the  value  of  evolution  in  general, 
the  majority  of  the  active  botanists  of  the  present  day  find  too 
many  other  pressing  questions  to  be  solved  to  be  able  to  dwell  on 
evolution  to  the  same  exclusive  extent  as  did  the  botanist  of  the 
last  generation. 

Our  definition  of  a  species  included  two  terms  which  required 
further  explanation.  We  started  out  in  the  hope  of  finding  some 
light  as  to  the  approximate  length,  or  at  least,  the  approximate 
minimum  of  the  length  of  time  which  is  needed  to  transform  a  race 
into  a  species,  hoping  that  perhaps  those  plants  in  which  the  de- 
velopment of  the  individual  was  rapid  might  show  that,  in  a  com- 
paratively short  space  of  time,  a  race  might  be  actually  observed 
to  become  fixed  and  be  considered  a  species,  a  fact  which  certainly 
could  not  be  so  well  ascertained  by  direct  observation  in  the  study 
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of  the  higher  plants  alone.  You  will  notice  that,  like  the  obliging 
shopkeeper,  I  have  not  given  you  exactly  what  you  expected,  but 
have  offered  you  instead  something  else  perhaps  just  as  good,  if 
not  better.  If  I  have  not  been  able  to  tell  you  that  in  such  simple 
and  quickly  growing  plants  as  bacteria  and  Saccharomycetes  new 
species  can  be  produced  from  old  ones  in  a  comparatively  short 
time,  a  consideration  of  some  of  the  peculiarities  of  such  plants 
has  brought  out  the  modifications  which  have  taken  place  in  the 
views  of  a  good  many  as  to  specific  limitations,  which  is  in  part  an 
answer  to  our  primary  question.  What  do  we  mean  by  a  species? 

It  may  be  added  that  although  some  of  the  species  of  lower 
plants  may  be  transformed  in  various  ways  by  artificial  cultures,  on 
the  whole  we  are  quite  as  much  struck  by  their  comparative  con- 
stancy in  important  respects  as  by  their  tendency  to  differentiate. 
In  Uredinaceae  there  is  a  tendency  to  form  adaptive  races,  which 
is  greater  than  was  formerly  supposed,  but  whether  the  tendency 
is  greater  than  would  be  found  in  some  higher  plants  were  they 
studied  as  carefully  as  have  been  the  Uredinacese,  is  perhaps  a 
question.  Parasites,  as  a  rule,  are  more  plastic  and  more  sensitive 
to  changes  of  environment  than  other  plants  and  their  impression- 
ability, if  I  may  use  that  word,  might  be  expected  to  accentuate 
their  power  of  specific  transformation.  It  cannot  be  denied  that 
there  is  a  general  suspicion  (to  say  knowledge  would  be  too  strong) 
that  the  lower  plants  become  specifically  changed  more  easily  and 
quickly  than  the  higher,  but,  although  that  is  what  we  should  ex- 
pect from  their  more  rapid  individual  growth,  I  am  not  able  to 
cite  any  actual  observations  which  can  settle  the  question  for,  as 
you  know,  the  school  of  botanists  which  may  be  called  the  school 
of  ready  transformationists  have  a  fatal  tendency  to  accept  un- 
skilfully-conducted or  otherwise  faulty  observations  as  convinc- 
ing proof.  Others,  it  is  to  be  feared,  err  on  the  other  side  and  are 
not  sufficiently  ready  to  admit  metamorphoses  in  different  species 
of  the  lower  plants.  Probably  the  truth  lies  between  the  two. 
The  metamorphoses  to  which  I  now  refer  are,  of  course,  in  the 
normal  cycle  of  individual  development  and  should  not  be  con- 
fused with  the  differentiation  into  races  and  species,  but  of  neces- 
sity our  views  as  to  the  latter  must  be  influenced  to  some  extent 
by  our  attitude  towards  the  former. 

If  we  turn  to  the  second  word  of  our  definition  which  needed  ex- 
planation'and  attempt  to  say  what  is  meant  by  like  individuals,  we 
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find  ourselves  wholly  at  sea.  Even  if  we  agree  that  the  likeness 
must  be  morphological  and  not  physiological,  that  does  not  help 
the  matter  at  all.  No  two  individuals  are  ever  absolutely  alike  in 
morphological  characters  and  the  question  is  one  of  comparative 
likeness  only.  Systematists  may  agree  that  certain  characters  are 
more  important  than  other  characters,  but  they  would  never  agree 
as  to  what  characters  are  important  enough  to  be  regarded  as  spe- 
cific in  comparison  with  those  which  are  only  racial.  In  fact, 
when  we  come  to  the  point,  we  find  that  most  systematists  do  not 
in  practice  distinguish  species  from  races  on  the  ground  that  the 
former  are  practically  constant,  whereas  the  latter  are  not,  but 
rather  on  the  ground  that  they  regard  the  characters  which  they 
use  to  distinguish  species  as  more  important  than  those  which  they 
are  willing  to  accept  as  merely  racial. 

But  what  is  more  important  and  less  important  is  a  question  not 
only  of  individual  opinion  at  any  given  time,  but  it  is  also  a  ques- 
tion which  depends  on  the  means  of  analysis  at  our  disposal  and 
these  change  from  time  to  time.  Surely  there  never  lived  a  better 
systematist  than  Elias  Fries,  and,  at  the  time  of  its  publication  in 
1821-1832,  his  Systema  Mycologicum  was  certainly  a  masterpiece. 
If  the  species  described  by  him  in  genera,  such  as  Sphaeria,  for  ex- 
ample, which  were  then  considered  valid,  are  no  longer  recognized 
as  such,  it  is  not  because  in  limiting  his  species  as  he  did  Fries 
did  not  employ  with  remarkable  skill  the  same  scientific  principles 
of  classification  as  the  mycologists  of  to-day,  but  mainly  because 
the  modem  application  of  the  microscope  to  the  study  of  the  spores 
and  some  other  characters  has  brought  out  facts  unknown  in  the 
beginning  of  ihe  century.  The  species  of  Fries  have  been  split  up 
and  changed  in  many  respects  and  while  we  feel  sure  that  the  mod- 
em classification,  thanks  to  improved  microscopes,  is  an  improve- 
ment on  his,  who  shall  dare  say  that  hereafter  some  at  present 
unknown  and  unsuspected  method  of  analysis  may  not  furnish 
facts  which  will  overturn  our  present  system  ? 

I  should  feel  that  I  ought  to  apologize  for  bringing  up  a  subject 
so  very,  very  threadbare,  were  it  not  that  some  botanists  shrink 
from  acknowledging  the  fact  that  what  we  botanists  call  species 
are  really  arbitrary  and  artificial  creations  to  aid  us  in  classifying 
certain  facts  which  have  been  accumulated  in  the  course  of  time, 
and  nothing  more.  So  long  as  we  entertain  even  a  lingering  sus- 
picion that  they  are  anything  more,  systematic  botany  will  not  be 
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able  to  accomplish  its  real  object,  which  is  certainly  very  important, 
We  are  all  convinced,  theoretically  at  least,  that  not  only  are  all 
plants  gradually  changing  and  sooner  or  later  will  no  more  be  what 
they  now  appear  to  us  to  be,  than  they  are  now  what  they  were  in 
times  past,  and  we  also  know  that  the  means  which  we  have  of 
studying  them  are  changing  as  well.  Our  so-called  species  are 
merely  snap-shots  at  the  procession  of  nature  as  it  passes  along 
before  us.  The  picture  may  be  clear  or  obscure,  natural  or  dis- 
torted, according  to  our  skill  and  care ;  but  in  any  case,  it  repre- 
sents but  a  temporary  phase,  and  in  a  short  time  will  no  longer  be 
a  faithful  picture  of  what  really  lies  before  us,  for  we  must  not 
foi^et  that  the  procession  is  moving  constantly  onward  and  at  a 
more  rapid  rate  than  some  suspect.  Better  cameras  will  be  invented! 
and  when  another  generation  of  botanists  snap  off  their  pictures, 
they  will  undoubtedly  look  back  with  pity,  if  not  with  contempt, 
on  our  faded  and  indistinct  productions. 

Whether  or  not  species  really  exist  in  nature  is  a  question  which 
may  be  left  to  philosophy.  Our  so-called  species  are  only  attempts 
to  arrange  groups  of  individual  plants  according  to  the  best  light 
we  have  at  the  moment,  knowing  that  when  more  is  known  about 
them  our  species  will  be  remodelled.  We  should  not  allow  ourselves 
to  be  deluded  by  the  hope  of  finding  absolute  standards ;  but  it 
should  be  our  object  to  arrange  what  is  really  known,  so  that  it 
can  be  easily  grasped  and  utilized.  Utility  may  perhaps  sound 
strange  and  may  seem  to  some  to  be  a  very  low  aim  in  science,  but 
in  the  end  utility  will  carry  the  day  in  this  case,  for  systematic 
botany  is  a  means,  not  an  end.  It  is  true  object  should  be  to  map 
out  the  vegetable  kingdom  in  such  a  way  that  all  known  plants  are 
grouped  as  clearly  and  distinctly  as  possible  in  order  that  the  hor- 
ticulturist, the  forester,  the  physiologist,  may  be  able  to  obtain  the 
facts  needed  by  them  in  their  work.  Our  present  knowledge  may 
not  be  sufficient  to  enable  us  to  draw  all  the  contours  sharply  or  to 
lay  down  accurately  all  the  lines,  but  our  work  certainly  should 
not  be  blurred  by  subtleties  and  purely  metaphysical  refinements. 
The  best  systematist  is  not  he  who  attempts  to  make  his  species 
conform  to  what  he  believes  to  be  the  ideal  of  nature,  but  he  who, 
availing  himself  of  all  the  information  which  the  histology,  embry- 
ology and  ecology  of  the  day  can  furnish,  defines  his  species,  within 
broad  rather  than  narrow  limits,  in  clear  and  sharply-cut  words 
which  can  be  readily  comprehended  and  do  not  force  one  to  resort 
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to  original,  and  perhaps  single  specimens,  to  learn  what  the  author 
of  the  species  really  meant. 

The  end  which  we  all  wish  ultimately  to  reach  is  a  knowledge  of 
how  living  plants  act,  but  in  the  process  of  obtaining  this  knowl- 
edge it  is  necessary  to  call  to  our  aid,  not  only  the  physiologist, 
but  also  the  systematist  and  the  paleontologist  —  f6r  there  are 
many  questions  ultimately  to  be  settled  by  the  physiologist  for  which 
the  information  furnished  by  the  systematist  must  serv^e  as  a  basis 
and  the  geological  succession  must  be  supposed  to  throw  some  light 
on  present  conditions.  It  is  no  disparagement  to  systematic  bot- 
any to  say  that  it  should  look  towards  physiology  as  its  necessary 
supplement  for,  on  the  other  hand,  physiology  must  lean  on  sys- 
tematic botany  in  attempting  to  solve  many  of  its  problems,  and 
the  scientific  basis  of  both  rests  on  histology,  morphology,  in  the 
modem  sense,  and  embryology.  The  qualifications  needed  in  a 
physiologist  are  so  different  from  those  required  in  a  systematist 
that  no  one  is  warranted  in  speaking  of  one  as  of  a  higher  grade 
than  the  other.  If  it  has  become  the  fashion  in  some  quarters  to 
assign  the  systematist  to  a  secondary  place,  it  cannot  be  attributed 
to  the  fact  that  his  work  is  necessarily  inferior  in  quality,  but  is 
rather  due  to  the  fact  that,  in  too  many  cases,  systematists  have 
failed  to  recognize  what  should  be  the  legitimat.e  aim  of  their  work. 

The  utilitarian  tendency  is  well  shown  by  what  has  been  said 
in  speaking  of  bacteria  and  Saccharomycetes.  Did  time  permit 
and  were  the  subject  not  one  which  would  not  readily  be  followed 
with  patience  by  an  audience  at  this  late  hour,  other  instances,  es- 
pecially in  Ustilaginacese  might  be  given  to  illustrate  further  the 
point  in  question.  The  bacteriologist  bases  his  species  on  grounds 
which  he  thinks  best  suited  to  enable  him  to  group  together  intel- 
ligently the  plants  he  is  studying  and  it  is  nothing  to  him  that 
others  say  that  his  species  are  not  species,  but  races.  After  all, 
the  question  whether  certain  forms  are  to  be  considered  species  or 
races,  is  in  many  cases,  merely  a  question  of  how  much  or  how 
little  we  know  about  them.  The  races  of  one  generation  of  botanists 
often  become  the  species  of  the  next  generation,  who,  as  they 
study  them  more  minutely  and  carefully,  discover  constant  marks 
not  previously  recognized.  As  systematic  botany  develops  in  the 
future,  it  may  very  well  become  the  study  of  races  rather  than  spe- 
cies as  we  now  consider  them.  In  some  cases,  as  in  the  Uredina- 
cese,  the  time  may  be  not  far  distant  when  this  condition  of  things 
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will  be  reached.  We  also  feel  warranted  in  believing  that  hereafter 
physiological  characters  will  assume  even  a  greater  importance 
tban  at  present  in  the  characterization  of  species.  If  there  are 
some  among  my  hearers  who  do  not  agree  with  me  as  to  the  im- 
portance to  be  attached  to  utility,  I  think  that  we  shall  all  agree 
that  in  discussing  the  work  of  botanists  in  other  departments  than 
our  own,  it  would  not  be  wise  to  exact  a  rigid  conformity  to  our 
individual  conceptions  of  species  as  distinguished  from  races. 
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The  CARPOSPORIC  TYPR  op  RBPRODUCTION  of  the    RUODOPHTCKiS.       By 

Bradlkt  M.  Davis,  Chicago,  HI. 

The  paper,  after  a  consideration  of  certain  work  of  the  author  upon 
the  genera  Champia,  Ptilota,  etc.,  discussed  the  cytological  problems 
concerned  with  the  carposporic  type  of  reproduction  found  in  the  Rhodo- 
phyce».  These  considerations  concerned  themselves  chiefly  with  the 
theories  of  Schmitz  and  Oltmann. 


The  comparative  morphology  of  the  pistils  of  the  Ranunculacea, 
Alismacbjs  and  RosACBiB.    By  Ernest  A.  Bessey,  Lincoln,  Neb. 

As  a  result  of  Investigations  extending  over  a  period  of  three  years, 
the  uniovnlate  pistils  of  the  Ranonculace®  are  found  to  have  a  peculiar 
development.  Each  pistil  originates  as  an  open  leaf  in  whose  axil  grows 
a  mass  of  cells  from  the  receptacle,  forming  one  side  of  the  cavity  of  the 
pistil,  whose  other  sides  are  formed  by  the  laminae  and  by  the  curved 
distal  portion  of  the  carpel.  Into  this  cavity  grows  a  median  ovule  from 
the  axillary  mass  of  receptacular  cells. 

Saglttaria  and  Allsma  have  practically  the  same  structure  as  the  fore- 
going except  that  the  ovule  in  the  latter  grows  directly  from  the  recep- 
tacle Instead  of  from  an  outgrowth  of  it.  This  appearance  is  concealed  In 
growth  by  the  proportionally  great  growth  of  the  pistil. 

Potentilla  and  Fragaria  in  the  Rosace®  show  a  course  of  development 
very  similar  to  the  foregoing;  an  open  pistil  is  formed,  but  the  ovule,  in- 
stead of  growing  from  the  receptacle,  grows  from  the  thickened  edge  of 
one  or  the  other  of  the  laminae.  Apparently  this  is  a  modification  of  the 
Ranuncular  type  in  which  the  projecting  mass  of  cells  from  the  receptacle 
has  become  somewhat  lateral,  instead  of  remaining  median,  and  has  be- 
come a  part  of  the  lamina  toward  which  the  displacement  has  occurred. 

This  close  similarity  of  development  apparently  supports  that  system 
of  classification  of  the  Angiosperms  in  which  there  are  three  diverging 
lines  of  development  having  a  common  origin :  one  with  the  Alismacese 
first,  being  the  Monocotyledoneae.  the  two  others  forming  the  Dicoty- 
ledoneae,  one  with  the  Ranunculaceae  lowest  being  the  Thalamiflorse  and 
passing  up  to  the  Heteromerae  and  to  the  Bicarpellatae ;  the  other,  with 
the  Rosaceae  lowest,  being  the  Calyciflorae,  and  passing  up  to  the  Inf  erae. 

(408) 


Digitized  by 


Google 


404  8KCTION    G. 

The  LycopodinsB  among  the  Tteridophyta  show,  by  the  arrangement  of 
their  sporangia  and  by  the  strobilar  arrangement  of  the  sporophylls,  closer 
affinities  to  these  lowest  of  all  angiosperms  than  do  any  other  Pterido- 
phyta. 


The  origin  and  homologiks  of  blkpharoplasts.      By  Herbert    J. 
Webber,  Washington,  D.  C. 

The  blepharoplasts  of  Zamia  arise  de  novo  in  the  cytoplasm  of  the  gen- 
erative cell  appearing  first  as  very  minute  granules  upon  which  a  few  kin- 
oplasmic  rays  are  centered.  The  rays  seem  to  connect  intimately  with 
the  reticulum  of  the  cytoplasm  and  apparently  are  simply  accentuated  por- 
tions of  the  latter. 

In  the  bursting  of  the  blepharoplast,  during  the  formation  of  the  cilif- 
erous  band,  tlie  outer  membrane  of  the  blepharoplast  bursts  into  granules 
and  these  later  become  organized  into  a  continuous  membrane,  which 
bears  the  cilia. 

The  blepharoplasts  present  striking  analogies  to  centrosomes,  but  in 
the  present  state  of  our  knowledge  we  are  hardly  justified  in  considering 
them  to  be  homologous  organs. 


The  blepharoplast  in  the  spermatogenesis  of  Maksilia.    By  Dr.  W. 
R.  Shaw. 

Bklajeff*  has  described  bodies  found  in  the  spermatids  of  ferns  and 
Equisetum,  which  we  may  regard  as  homologous  with  the  cycad  blepha. 
roplasts  described  by  Webber.*  The  writer*  has  found  that  in  Onocleathe 
blepharoplasts  occur  not  only  in  the  spermatids,  as  described  for  the 
ferns  by  BelajefT,  but  also  before  and  during  the  cell  division  which  leads 
to  t^e  formation  of  the  spermatids. 

In  the  development  of  the  male  prothallia  of  Marsilia  vestUa*  from  the 
microspore,  neither  blepharoplasts  nor  other  centrosome-like  bodies  are 
found  in  any  of  the  six  ceil-dlvisions  or  resting  stages  preceding  the 
formation  of  the  primordial  spermatogenous  cell  (**  central  cell")  of  each 
of  the  two  antherldia.  Nor  are  any  such  bodies  found  in  that  cell  or 
during  its  division. 

The  first  appearance  of  centrosome-llke  bodies  is  in  the  spindly  poles 
during  the  telephase  of  the  second  division  of  the  spermatogenous  tissue. 
After  this  division  Is  complete  (t.  e.  in  the  *'  grandmother  cells"  of  the 
spermatidi^),  each  of  these  bodies  grows  Into  a  pair  of  blepharoplastoids 
which  increase  in  size.  They  remain  together  and  move  into  the  outer 
region  of  the  cytoplasm,  and  disappear  during  the  tliird  cell-division. 

I  Wl.  Belajeff.    Three  preliminary  papern  in  the  Berichte  d.  deutsch.  Bot.  Gesell. 
1897. 
*  H.  J.  Webber.    Three  preliminary  papers  In  the  Botanical  Gazette.    1897. 
s  W.  R.  Shaw.     ▲  preliminary  paper  in  the  Ber.  d.  deutsoh.  Bot.  GeeeU.    1898. 
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During  the  anaphase  or  telophase  of  this  division,  there  are  f  onnd,  at  the 
poles  of  the  spindle,  new  bodies.  After  the  diyision  (i.  e,  in  the  *'  mother- 
cells"  of  the  spermatids),  each  of  these  bodies  develops  into  a  pair  of 
blepharoplasts.  The  blepharoplasts  separate,  at  the  same  time  increasing 
in  size,  and  move  to  opposite  poles  of  the  cell,  where  they  remain  through- 
out the  final  division  leading  to  the  formation  of  the  spermatids.  The 
farther  development  resembles  very  much  that  of  the  blepharoplasts  in 
the  spermatozoids  of  the  cycads. 

The  blepharoplastoids  are  homologous  with  the  blepharoplasts.  Their 
disappearance,  followed  by  the  development  of  the  blepharoplasts,  Is  a 
point  which  resembles  the  disappearance  and  formation  de  novo  of  cen- 
trosomes  as  descril)ed  recently  in  the  segmentation  of  the  eggs  of  certain 
animals. 

A  cine  to  the  identity  or  distinctness  of  the  blepharoplast  and  centro- 
some  should  be  sought  in  the  antheridia  of  lower  plants,  such  as  the 
liverworts  and  Fucaces,  in  which  centrosomes  have  been  described. 


Observations  on  the  relattvb  moisture  content  of  fruit  trees  in 
WINTER  AND  IN  SUMMER.  By  Prof .  C  S.  Crandall,  Fort  Collins, 
Colo. 

The  necessary  removal  of  a  portion  of  an  apple  orchard,  fifteen  years 
old,  afforded  an  opportunity  to  test  the  correctness  of  the  commonly  ac- 
cepted belief  that  trees  contain  much  more  water  in  summer  than  in  win- 
ter. 

The  trees  were  grown  under  the  same  conditions  on  a  gentle  north 
slope,  on  rather  low  ground.  The  soil  was  a  gravelly  loam  and  had  not 
been  irrigated  for  five  years,  but  had  been  Icept  sufficiently  moist  by  seep- 
age from  higher  lands.  All  the  trees  were  healthy,  and  had  made  a  nor- 
mally vigorous  growth  the  previous  season. 

Five  trees  were  used  for  the  test  of  winter  moisture.  Three  were 
taken  late  in  the  afternoon  of  January  16,  1897,  and  two  early  the  follow- 
ing morning.  From  each  tree,  as  soon  as  cut,  a  trunic  piece  45  cm.  in 
length  was  taken,  and  also  a  bundle  of  branches  cut  at  approximately  2 
cm.  in  diameter  and  representing  about  one-fourth  of  the  branch  surface. 
These  were  immediately  weighed  and  placed  on  the  floor  of  an  upper 
room  in  the  laboratory,  where  they  have  since  remained. 

The  trunk  pieces  ranged  from  9.5  cm.  to  12  cm.  in  diameter,  with  an 
average  for  the  five  of  11  cm.  They  were  numbered  1  to  5,  and  the  bun- 
dles of  branches,  la  to  5a.  Weights  were  taicen  eight  times  between  the 
first  weighing  and  the  close  of  the  year  1897,  both  trunks  and  branches 
showing  a  gradual  loss  of  moisture. 

Three  trees  were  used  for  the  test  of  summer  moisture.  These  were 
taken  August  3, 1897.  Trunk  pieces  45  cm.  long  and  averaging  12  cm.  in 
diameter  were  cut,  weighed  and  placed  with  the  others.  Bundles  of 
branches  were  also  prepared  similar  to  those  taken  in  January,  except 
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that,  after  weighing,  the  leaves  were  carefully  removed,  and  branches 
and  leaves  weighed  separately. 

To  distinguish  between  the  two  lots,  the  summer  cut  trunks  were  num- 
bered 81,  S2  and  S8.  The  branches  of  No.  SI  were  marked  SI  a,  and  the 
leaves  of  Sla,  81b  and  so  on. 

It  should  be  explained  that  the  room  In  which  the  material  under  test 
has  been  kept  Is  heated,  in  winter,  by  hot  water.  The  winter  temperature 
was  quite  constantly  at  about  22^C.  The  summer  temperature  has  been 
quite  variable,  ranging  between  10°C.  and  35°C. 

The  figures  to  foliow  represent  simply  a  determination  of  moisture  lost 
by  air  drying  under  the  conditions  given.  Constant  care  was  taken  to 
prevent  loss  by  breakage  of  twigs  or  by  detachment  of  pieces  of  bark. 

In  the  following  tabulation  only  the  original  weight  and  the  weight  of 
July  11,  1898,  have  been  indicated,  with  the  number  of  days  intervening 
between  the  two  weighings,  and  the  per  cent,  of  loss. 


NO. 

WHEN 

TAKEN. 

WEIGHT 
WHEN  TA- 
KEN,  HEC- 
TOGRAMS : 

WEIGHT 
JULY  11, 
1898,  HEC- 
TOGRAMS : 

NO.  OF  DATS 

BETWEEN 

FIRST  AND 

LAST   WEIGHT. 

LOSS 

Tmnk  .    v 

Jan. 

II 

II 
Jan. 

15,  1«97 
II       II 

16,  1887 

68.361 
40.681 
55.852 
89.122 

38.856 
24.752 
82.247 
28.866 

542 

542 
642 
641 

88.67 

89.15 

„ 

41.74 

« 

88.99 

"       

II      II 

48.548 

29.235 

641 

39.78 

la 

Branches  of   1 

Jan. 

15.  18»7 

65.451 

87.456 

642 

42.77 

2a 

"    s 

II 

II      II 

40.681 

24.858 

542 

88.89 

8a 

"    8 

II 

II      II 

44.721 

26.081 

542 

41.68 

4a 

(«           II    ^ 

Jan. 

16,  1897 

47.961 

28.969 

541 

89.02 

6a 

II     5 

II 

II      II 

52.588 

80.209 

641 

42.56 

81 

Trunk  

Aug. 

8,    18»7 

79.180 

49.647 

842 

87.25 

82 

"      

II 

II      II 

46.465 

80.280 

842 

38.89 

S3 

II 

II 

II      II 

49.682 

29.430 

842 

40  76 

bla 

Branches  of  81 

Aug. 

8,    1887 

84.976 

19.454 

842 

44Jt7 

82a 

"    82 

" 

II      II 

42.241 

28.016 

842 

45.51 

S8a 

"    SS 

" 

II      II 

26.400 

14.848 

842 

43.75 

81b 

Leaves    of    Sla 

Aug. 

8,   1897 

14.387 

6.059 

842 

57  J8 

82b 

"      82a 

" 

II      II 

21.758 

10.064 

842 

53.74 

S8b 

"         "     88a 

*♦ 

II      II 

18.816 

8.575 

842 

64.42 
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The  three  lots  of  leaves  have  shown  constant  weights  since  January  8. 
The  branches  and  trunks  of  both  winter  and  summer  lots  still  show  slight 
changes,  and  further  weights  will  be  taken. 

That  the  decrease  In  weight  is  now  very  slow  Is  shown  by  the  fact  that 
the  average  loss  of  the  winter  trunks  between  January  8  and  July  11,  a 
period  of  184  days,  was  only  8%.  During  the  same  period  the  summer 
trunks  showed  an  average  loss  of  2.8%,  but  between  the  weight  taken 
March  28,  and  the  last  weight,  July  11,  the  average  loss  was  rednced 
to  .6%. 

The  tabulation  shows  that,  of  the  five  trunk  pieces  taken  on  January 
15  and  16,  1897,  after  the  first  three  numbers  had  air  dried  for  542  days 
and  the  last  two  for  541  days,  the  average  loss  was  89.666%. 

The  trunk  pieces  taken  Augnst  3, 1897,  show  an  average  loss,  In  a  period 
of  842  days,  of  87.183%. 

Winter  branches  for  the  same  period  as  the  winter  trunks  show  an  av- 
erage loss  of  41. 102%. 

Summer  branches,  for  the  period  of  842  days,  show  an  average  loss  of 
44.548%. 

The  three  lots  of  leaves  show  an  average  loss.  In  342  days,  of  55.346%. 
These  figures  indicate  that  the  trnnks  taken  in  winter  contained  2.533% 
more  moisture  than  those  taken  In  summer ;  but  we  are  here  comparing 
unequal  numbers.  If  we  take  the  average  of  the  three  winter  trunks 
showing  the  greatest  loss,  and  compare  this  average  with  that  of  the 
three  summer  trunlcs,  we  find  the  winter  moisture  exceeds  the  summer 
moisture  by  3.09%,  or  if  we  take  the  three  winter  trunks  showing  least 
loss,  the  loss  excess  is  still  1.808%  in  the  same  direction. 

The  average  of  the  five  bundles  of  winter  branches  compared  with  the 
average  of  the  three  bundles  taken  in  summer,  shows  the  summer  bundles 
to  contain  3.441%  more  moisture  than  the  winter  ones. 

Taking  equal  numbers,  as  with  the  trunks,  the  average  of  the  three 
winter  bundles  showing  greatest  loss,  compared  with  the  averay:e  of  the 
three  summer  bundles,  shows  the  summer  bundles  to  contain  2.210%  more 
moisture  than  the  winter  bundles,  while  the  three  winter  bundles  show- 
ing least  loss,  compared  In  the  same  way,  give  4.48%  as  the  excess  of 
moisture  In  the  summer  branches. 

It  might  be  expected  that  the  summer  branches  would  show  greater 
loss  of  moisture  than  the  winter  ones,  on  account  of  the  succulent  nature 
of  the  unripened  growth  of  the  season. 

While  the  trunks  and  branches  do  not  show  perfectly  constant  weights, 
the  loss  is  now  so  small  that  it  is  believed  final  weighings  will  not  materi- 
ally change  the  figures,  and  they  may  be  taken  as  approximately  correct 
for  the  trees  under  test. 

From  the  trial  made,  it  seems  reasonable  to  conclude  that  there  is  hardly 
an  appreciable  difl*erence  between  the  winter  and  summer  moisture  con- 
tained in  apple  trees,  at  least,  as  grown  under  Colorado  conditions. 
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SOMB  OBSKRVATIONS   BEARING   UPON  THE  8TMBI0TIG   MTCOPLASM  THEORY 

OF  GRAIN  RUST.    By  H.  L.  BoiXEY,  Experiment  SUtioo,  Fargo,  North 
DakoU. 

The  paper  reviews  the  work  of  Dr.  Jacob  Ericksson  upon  which  that 
author  has  proposed  a  new  theory  for  the  origin  of  rusts  in  cereal  grains 
and  other  grasses.  Mr.  BoUey  dissents  from  the  views  given  by  Dr. 
Ericksson  and  indicates  tliat  the  conclusions  drawn  by  that  author  from 
many  of  his  experiments  do  not  of  necessity  follow.  The  original  mat- 
ter of  the  paper  represents  a  review  of  the  author's  work  and  observa- 
tions covering  a  period  synchronous  with  the  work  of  Ericksson,  and 
recounts  tlie  results  of  numerous  germination  tests  made  upon  uredo-spores 
and  upon  secidio-s pores  of  certain  species  of  rusts  to  determine  the  vi- 
tality of  these  spores.  An  outline  is  also  given  of  the  methods,  and  re- 
sults obtained  by  the  growth  of  cereals  to  maturity  In  rust-proof  cages. 
In  opposition  to  Ericksson,  the  author  holds  that  there  is  much  evidence 
that  all  infection  to  new  grain  plants  comes  from  without,  and  that  there 
is  no  evidence  of  an  internal  symbiotic  rust  life.  Incidentally  it  was  ob- 
served that  the  germ  tubes  of  the  uredo-spores  may  enter  not  only  by 
way  of  the  stomata,  but  also  direct  through  the  cuticle  of  wheat  and  oat 
plants. 

(Paper  to  be  published  In  Centralb.  f.  Bakt.  2  Abt.) 


Starch  distribution  as  affected  by  fungi.    By  Prof.  Byron  D.  Hal- 
STED,  New  Brunswick,  N.  J. 

The  leaves  to  be  studied  are  placed  in  50%  alcohol  to  remove  the  chlo- 
rophyll and  then  passed  to  a  weak  solution  of  iodine.  In  a  few  hours,  if 
the  leaf  is  thin,  the  starch  responds  to  the  iodine  test  and  is  located  by 
the  blue  color  that  it  assumes. 

Dried  leaves  of  Agrimonia  mollis  (T.  A  G  )  affected  with  Peronospora 
potentilloB  D.By.,  showed  a  bluish  color  in  irregular  patches  that  corre- 
spond quite  closely  with  the  areas  bearing  the  conidia  of  the  mildew. 

The  dried  leaves  of  the  hog-peanut  (Falcata  comosa  (L.)  or  Amphicar- 
pcea  monoica  Ell.)  infested  with  Synchytrium  decipens  Farl.  were  inter- 
esting subjects,  because  of  their  extreme  thinness  and  the  fact  that  the 
iVingus  is  without  hyphse  and  therefore  thoroughly  localized  in  the  in- 
fested cells  of  the  host.  The  starch-bearing  tissue  is  immediately  around 
the  spore  cysts  and  as  these  are  usually  located  along  the  lateral  veins  the 
blue  lines  correspond  closely  to  the  directions  of  the  veins. 

In  leaves  of  Amarantus  retroflexus  L.  having  several  large  circular 
patches  of  Cystopus  bliti  Biv.  the  starch  was  found  most  abundant  as 
a  border  around  the  diseased  spots. 

The  most  striking  study  was  had  with  the  mandrake  leaves  Infested 
with  PiACcinia  podophylii  Schw.    The  amount  of  starch  was  abundant  in 
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the  well  defined  areas  while  none  was  met  with  beyond  the  small  veins 
that  served  as  boundaries  to  the  infested  portions.  Here  again  it  was 
observed  that  the  diseased  portions  bear  some  relationship  to  the  main 
veins.  There  was  less  starch  in  the  center  of  a  rusted  mesh  than  near 
the  vascular  outline. 

Smutted  corn  leaves  when  tested  showed  much  starch  in  the  bullate 
portions  characteristic  of  the  affected  parts. 

Stems  Infested  with  fungi  showed  the  same  presence  of  starch  as  the 
leaves.  Thus  the  hypertrophied  flower  stallcs  of  the  cultivated  radish 
when  sliced  and  placed  in  the  iodine  solution  became  blue,  while  similar 
sections  taken  from  a  healthy  portion  of  the  same  stem  showed  but  a 
small  amount  of  starch. 

The  results  were  almost  the  same  as  the  above  with  the  healthy  and 
cystopuslzed  stems  of  purslane  {Portulaca  oleracea). 

The  ordinary  red  cedar  stem  contains  but  a  small  amount  of  starch,  but 
the  galls  made  by  the  Gymnosporangium  macropus  Lk.  abound  In  It  and  It 
is  distributed  In  lines  radiating  like  a  fan  from  a  common  center. 

The  galls  of  the  peach  roots  are  simply  gorged  with  starch  and  thin 
sections  of  them,  In  Iodine,  tnrn  to  a  dark  blue  color. 

Turnips  affected  with  the  club  root  fungus  (Plasmodiophora  brassicoB 
Wor.)  carry  a  large  amount  of  starch,  while  the  healthy  tissue  Is  com- 
paratively free  from  It.  In  like  manner  the  tubercles  of  leguminous  plants, 
due  to  Bhizohium  leguminosarum  Fr.,  contain  much  starch,  while  the  roots 
bearing  them  are  comparatively  free  from  It. 

The  Infested  fungus  seems  to  Induce  a  change  In  the  surrounding  tissue 
more  or  less  apparent  with  the  storage  therein  of  food  material  as  shown 
by  the  starch  test  as  above  demonstrated. 


Some  bxamplrs  illustrating  modks  of  seed  dispersion.    By  W.  J. 
Bbal,  Agricultural  College,  Washington,  D.  C. 

Popular  paper  Illustrated  by  specimens  showing  various  adaptations 
of  seeds  and  fruits  for  distribution  by  wind,  water,  birds,  quadrupeds,  etc. 
[To  be  printed  In  American  Naturalist.] 


The  influence  of  ether  upon  the  okrmination  of  seeds  and  spores. 
By  Dr.  C.  O.  Townsend,  College  Park,  Maryland. 

It  has  been  found  that  an  atmosphere  of  ether  exerts  considerable  in- 
fluence upon  the  germination  of  seeds  and  spores.  If  seeds  and  spores 
are  surrounded  by  an  atmosphere  containing  but  little  ether  (jV  to  1  cc. 
per  litre)  the  time  of  germination  will  be  shortened  while  In  an  atmos- 
phere containing  considerable  ether  (5  to  10  cc.  per  litre)  the  time  of 
germination  will  be  lengthened.  If  the  atmosphere  contains  too  much 
ether  the  seeds  and  spores  will  fall  to  germinate.    If  seeds  and  spores 
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have  not  remalDed  too  long  in  a  strong  atmosphere  of  ether  and  are  re- 
moved to  an  ether-free  atmosphere  they  will  germinate  in  the  same  length 
of  time  as  is  required  by  seeds  and  spores  ander  normal  conditions.  It 
should  also  be  noted  that  seeds  and  spores  dilTer  among  themselves  in 
their  ability  to  resist  the  influence  of  ether. 


Thb  toxic  AcrroN  of  a  certain  group  of  substancrs.    By  Dr.  Rodnkt 
H.  True,  Madison,  Wis. 

Zo5looist8  and  botanists  have  long  regarded  salts,  of  which  NaCl  and 
KNO3  are  commonly-used  representatives,  as  being  essentially  lacking  in 
toxic  action  and  operating  only  through  their  osmotic  activity. 

In  this  study  cane  sugar  was  assumed  to  be  a  purely  osmotic  agent  and 
the  first  concentration  in  which  the  majority  of  a  number  of  filaments  of 
Spirogyra  survived,  after  an  exposure  of  twenty-four  hours,  was  regarded 
as  the  measure  of  the  osmotic  action  which  the  alga  can  endure.  This 
boundary  concentration  was  found  to  lie  at  J  grm.  molecules  per  litre. 

Assuming  the  action  of  the  other  substances  studied  —  glycerine,  KNO3 
and  NaCl,  —  to  be  likewise  purely  osmotic,  the  boundary  concentrations 
were  calculated  to  lie  as  follows :  glycerine,  }  grm.  mol.  per  liter;  NaCl, 
0  47  grm.  raol. ;  KNO3,  0.46  grm.  mol.  per.  liter.  The  actual  boundary 
concentrations  found  by  the  method  used  for  sugar  were:  glycerine  i 
grm.  mol.  per  liter;  KNO;,,  jV  ff^m.  mol. ;  and  NaCl  tV  S"°-  ™^^'  '^^ 
concentrations  producing  plasroolysiH  were  as  follows:  glycerine,  4  grm. 
mol.  per  liter :  KNO3,  i  ?r™-  niol. )  NaCl,  i  grm.  moL  ;  sugar  ^  grm.  mol. 

The  boundary  concentration  for  glycerine  lies  at  a  concentration  greater 
than  that  of  the  cell  sap,  and  probably  causes  death  by  osmotic  action. 
The  boundary  concentrations  of  KNO3  and  NaCl  lies  much  below  the 
point  having  the  same  osmotic  value  as  the  cell  sap,  on  the  assumption 
of  purely  osmotic  action.  Consequently  NaCl  and  KNO3  exert  a  pro- 
nounced toxic  influence  upon  Spirogyra. 


Types  of  vegetation  on  the  Florida  Keys.     By  C.   L.   Pollard, 
Washington,  D.C. 

The  observations  recorded  in  this  paper  are  based  upon  a  trip  of  six 
weeks'  duration,  undertaken  in  the  spring  of  the  current  year.  Its  pri- 
mary purpose  was  the  study  and  collection  of  the  sub^tropical  flora;  but 
much  attention  was  devoted  to  the  ecological  aspect  of  the  flora,  and  an 
attempt  is  made  in  the  paper  to  determine  and  diflbrentiate  six  distinct 
belts  or  zones  of  plant  life.  A  short  enumeration  and  discussion  of  the 
characteristic  species  of  these  belts  occupy  the  main  portion  of  the  paper, 
which  concludes  with  certain  inferences  as  to  the  future  condition  of  the 
Florida  Keys,  judged  in  the  light  of  present  geographical  conditions. 
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Potato  as  a  culturb  medium,  with  some  notes  on  a  synthesized 
SUBSTTTUTK.    By  Dr.  Erwin  F.  Smith,  Washington,  D.  C. 

Affer  discussing  some  of  the  advantages  and  disadvantages  of  potato 
as  a  snbstratam  for  the  growth  of  f angi  and  bacteria,  and  expressing  the 
belief,  in  opposition  to  Grimbart  and  some  others,  that  it  Is  a  very  useful 
substance  and  should  not  be  discarded,  the  author  proceeded  to  describe  a 
synthesized  meditim  which  he  had  found  free  from  some  of  the  objections 
urged  against  the  potato  while  possessing  many  of  its  good  qualities.  This 
medium  the  author  designated  as  nutrient  starch  jelly.  Its  mode  of  prep- 
aration is  as  follows:  1.  Dry  potato  starch  2  grams;  this  is  put  into  a 
clean  test  tube  and  covered  with  lOcc.  of  the  following  fluid  which  should 
be  shaken  before  measuring  oat,  especially  if  it  has  been  recently  steamed. 

2.    Modified  Uschinsky.    This  is  made  as  follows : 

grams. 

Distilled  water 1,000.000 

Ammonium  lactate 5.000 

Sodium  asparaginate 2.500 

Sodium  sulphate 2.500 

Sodium  chloride 2.600 

Dipotassium  phosphate  (K^HPO^)       .        .  2.600 

Calcium  chloride 0.010 

Majrnesium  sulphate 0.010 

Instead  of  this  fluid  Uschinsky's  solution  may  be  used  leaving  out  the 
glycerine. 

In  place  of  potato  starch,  rice  starch  or  any  other  starch  may  be  used. 
Owing  to  their  usual  alkaline  reaction  and  to  contaminating  organisms 
in  commercial  starches  it  is  best  to  prepare  the  starch  one's  self,  washing 
the  clean  cloth-flltered  starch  repeatedly  at  short  intervals,  for  a  day  or 
two  in  a  large  vessel  in  distilled  water  and  drying  quickly  to  avoid  the 
multiplication  of  heat-resistant  bacteria  which  will  pass  through  the  oven 
uninjured  and  subsequently  spoil  the  medium.  All  of  the  salts  used  should 
be  chemically  pure. 

After  the  starch  has  been  thoroughly  rubbed  up  in  the  fluid  with  a  clean 
glass  rod,  each  tube  is  slanted  quickly  in  a  dry  oven  or  chamber  such  as  is 
used  for  the  coagul ation  of  blood  serum .  From  this  point  on  the  treatment 
is  much  the  same  as  for  blood  serum ;  i  e.,  exposure  for  two  to  three  hours 
on  each  of  five  or  six  consecutive  days  to  a  temperature  of  not  less  than 
75°C.  nor  more  than  85^C.  The  starch  swells  and  solidifies,  at  about  66°C. 
forming  a  smooth,  moist,  opalescent,  bluish-white,  solid  medium  which  the 
subsequent  heatings  serve  to  sterilize  provided  resistant  organisms  have 
not  been  inadvertently  introduced  along  with  the  starch.  The  cotton  plugs 
should  fit  tight  and  after  the  second  heating  I  usually  find  it  necessary  to 
remove  the  plugs  and  add  2cc.  of  distilled  water  to  each  tube  to  compen- 
sate for  that  driven  off  by  the  long  exposure  in  the  oven. 

I  have  not  been  able  to  prepare  this  medium  satisfactorily  in  the  steamer, 
not  even  at  a  temperature  of  97°C.,  owing  to  the  fact  that  the  slant  sur- 
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face  is  raptured  and  roughened  by  escaping  vapor.  A  thin  film  of  solidi- 
fied starch  usually  forms  on  the  wall  of  the  tube  over  the  slant  and  would 
prove  very  inconvenient  did  it  not  usually  crack  and  fall  off  toward  the 
close  of  the  heatings  in  the  dry  oven. 

This  medium  possesses  excellent  keeping  qualities  and  is  well  adapted 
to  the  long-continued  growth  of  many  organisms  both  fungi  and  bacteria. 
It  is  particularly  valuable  for  studying  the  diastatic  action  of  various  bac- 
teria, some  of  which  grow  luxuriantly  and  convert  all  of  the  two  grams 
of  starch  into  sugar  in  five  or  six  days,  while  others  make  a  very  feeble 
growth  being  able  to  convert  the  starch  into  carbohydrates  available  for 
their  growth  only  with  the  greatest  difficulty  and  in  extremely  small 
amounts. 

This  diastatic  action  is  readily  detected  by  the  eye  (change  from 
bluish  opalescent  to  opaque  white) ;  by  the  use  of  iodine  (absence  of  starch 
reaction)  ;  by  Fehling's  solution  (presence  of  sugar)  ;  and  by  shaking  in 
water,  the  pai*t  acted  on  by  the  diastatic  ferment  dissolving  readily  into 
a  white  pap  while  that  unacted  on  remains  bluish  opalescent,  elastic  and 
insoluble.  Some  organisms  also  appear  to  consume  the  starch  in  toto 
forming  deep,  dry  pits.  Inasmuch  as  there  is  great  variability  in  the 
diastatic  power  of  different  micro-organisms,  this  test,  now  that  it  can  be 
applied  so  conveniently  and  exactly,  appears  to  be  quite  as  useful  for  the 
differentiation  of  species  as  the  liquefaction  of  gelatine  and  blood  serum, 
or  the  production  of  gas.  In  my  judgment  it  would  be  desirable  to  add 
it  to  the  list  of  stock  culture  media  on  which  all  germs  should  be  tried. 

On  adding  assimilable  sugars  to  this  nutrient  starch  jelly,  those  organ- 
isms which  previously  made  only  a  very  feeble  growth,  e.  g.^  Sarcina  au- 
rantiaca,  B.  coli-communia,  Ps,  hyacinthiy  now  make  a  good  growth.  In 
other  words,  this  substratum  may  also  be  used  to  test  the  nutrient  value 
of  various  sugars,  gums,  alcohols,  etc.,  whenever  the  organism  we  are 
experimenting  with  is  unable  or  is  able  only  very  imperfectly  to  obtain  its 
necessary  carbohydrate  material  from  the  starch  itself,  i.  «.,  has  little  or 
no  diastatic  action.  These  substances  may  be  used  in  any  quantity  desired 
and  should  be  put  in  and  dissolved  before  the  starch  is  coagulated.  I 
am  in  the  habit  of  using  500  milligrams  for  each  lOcc.  of  fluid,  and  have 
found  the  following  substances  useful,  viz. :  grape  sugar,  fruit  sugar, 
cane  sus:ar,  milk  sugar,  galactose,  maltose,  dextrine,  mannite,  glycerine. 
Very  likely  the  list  might  be  profitably  extended  to  Include  several  other 
gums  and  alcohols. 

Fifty  tubes  of  this  medium  containing  thirty  species  of  bacteria,  patho- 
genic and  non-pathogenic,  were  passed  about. 


SOMK    LFTTLK-USED  CULTURE  MEDIA   WHICH   HAVE  PROVED   VALUABLE  FOR 

diffrrenhation  of  species.    By  Dr.  Erwin  F.  Smith,  Washing- 
ton, D.  C. 

The  following  were  specially  recommended : 
(1)  Uschinsky's  solution. 
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(2)  Tabes  of  standard  nutrient  agar  with  addition  of  10,  20  and  30  % 
of  grape  sugar. 
(8)  The  same  with  10,  20  and  30  %  of  cane  sugar. 

(4)  Nutrient  starch  jelly  with  and  without  various  sugars,  alcohols,  etc. 

(5)  Cylinders  of  cocoanut  flesh  In  distilled  water. 

(6)  Cylinders  of  white  or  yellow  turnips  In  distilled  water. 

(7)  Cylinders  of  carrot  In  distilled  water. 

(8)  Cylinders  of  white  sugar  beet  In  distilled  water. 

(9)  Potato  cylinders  standing  In  several  cubic  centimeters  of  distilled 
water  (for  prolonged  growth). 

(10)  The  extension  of  tests  with  fermentation  tubes  so  as  to  include 
also.  In  addition  to  the  three  sugars  in  common  use,  viz.,  grape,  cane  and 
milk,  the  following  substances:  fructose,  galactose,  maltose,  dextrine, 
mannlte  and  glycerine. 

The  crude  vegetable  substances  named  contain  very  different  quantities 
and  kinds  of  nutrient  substances  and  consequently  are  very  useful  for 
bringing  out  hidden  peculiarities  of  the  germs  which,  when  once  dis- 
covered, may  then  be  studied  by  more  exact  methods.  To  Illustrate,  cocoa- 
nut  flesh  contains  little  sugar  and  no  starch,  but  Is  rich  In  oil.  Potato 
flesh  Is  poor  In  sugar,  but  contains  several  acids  and  is  rich  in  starch. 
Sugar  beet  Is  free  from  starch  but  very  rich  in  cane  sugar.  If  now,  we 
have  an  organism  peculiarly  fond  of  cane  sugar,  this  fact  Is  brought  out 
by  the  very  first  test  on  sugar  beet,  whereas  one  might  cultivate  the 
organism  indefinitely  In  beef  broth,  or  on  agar,  gelatine  or  potato  without 
discovering  It.  This  Is  only  one  Illustration  of  many.  If  we  are  to  obtain 
an  exact  knowledge  of  these  minute  and  multitudinous  organisms  we 
cannot  experiment  too  widely. 


Thb  tempbraturb  and  transpiratiox  op  drsert  plants.     By  D.  T. 
MACDouaAL,  Minneapolis,  Minn. 

An  account  of  some  experiments  In  the  field  In  Arizona  In  1898. 


Thb  lbaf-spot  disease  op  apple,  Phyllosticta  pirina  Sacc,  and  sev- 
eral unrelated  porms  occurring  therewith.  By  Wm.  B.  Al- 
wooD,  Blaclisburg,  Va. 

This  paper  records  the  common  occurrence  and  life  cycle  of  Phyllosticta 
pirina  Sacc.,  and  notes  the  occurrence  therewith  of  three  apparently 
unrelated  forms,  viz.,  Sphoeropsis  malorum  Peck,  Hendersonia  ma2i  and  an 
undetermined  species. 


Digitized  by 


Google 


414  SECTION   G. 


Notes    on   some   diseases   of   southern   pines.    By  Hkbmann  von 
ScHRBNK,  St.  Louis,  Mo. 

Of  the  numerous  parasitic  fungi  attacking  the  species  of  southern 
pines,  Trametes  pini  is  one  of  the  most  destructive.  The  same  attacks 
trees  over  fifty  years  of  age,  causing  disintegration  of  the  heartwood. 
Only  a  part  of  the  wood  fibres  is  destroyed,  being  reduced  to  cellulose 
before  their  solution.  The  part  not  destroyed  seems  to  be  protected  by 
some  chemical  substance,  allied  to  the  humus  compounds,  rendering  it 
proof  against  the  attacks  of  the  fungus  threads.  Trametes  radiciperda 
was  found  destroying  numerous  trees  of  Pinus  palustris  and  P.  echinata 


A  REMARKABLE  INCREASE  IN  SIZE  OF  LEAVES  OF  KaLMIA  ANQUSTIFOLIA  AP- 
PARENTLY DUE  TO  REDUCTION  OF  LIGHT.  By  W.  J.  Bbal,  Agricul- 
tural College,  Mich. 

The  leaves  of  different  plants  of  this  species  vary  much  in  size,  and  con- 
siderably in  shape,  as  every  botanist  may  have  observed. 

Several  botanists  have  recorded  experiments  showing  that  the  leaves 
of  dicotyledons  grown  in  shade,  or  with  the  light  reduced,  are  larger  than 
those  grown  in  full  sunlight. 

On  May  14, 1898,  before  flowering,  some  plants  with  a  little  soil  attached 
were  removed  from  an  open  place  at  Grayling,  Crawford  County,  Mich- 
igan, where  they  are  common,  and  transferred  to  the  State  Agricultural 
College,  130  miles  south,  where  they  were  planted  in  muck  Icept  wet,  and 
over  the  tops  about  eight  feet  above  was  a  screen  of  lath  and  leaves  of 
trees,  which  cut  off  at  least  half  of  the  light  during  the  middle  of  the  day, 
and  a  larger  per  cent  morning  and  evening. 

On  the  29th  of  July,  the  branches  here  exhibited  were  cut  from  the 
plants  and  pressed  till  dry.  The  largest  leaf  of  this  year  on  each  of  the 
three  branches  when  dry  is  37  x  17,  45  x  16,  47  x  16  mm.  respectively, 
while  the  largest  evergreen  leaf  of  the  previous  year  was  22  x  9,  25  x  6, 
25  X  6  mm.  respectively,  indicating  that  a  leaf  of  this  year  easily  has  a 
surface  four  times  that  of  a  leaf  of  last  year.  Little  attention  has  yet 
been  given  to  a  comparison  of  the  structure  of  these  leaves,  as  those  of 
this  season  are  not  yet  mature.  There  is  a  possibility  that  part  of  this 
difference  in  size  is  due  to  transferring  the  plants  to  a  better  soil,  though 
we  should  hardly  look  for  such  results  on  the  first  year. 

At  the  same  time  and  in  the  same  place  some  plants  of  KalnUa  glauca 
were  transplanted.  The  largest  leaves  of  this  year  in  some  cases  have 
a  surface  double  that  of  1897. 
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Half-shadk  and  vegetation.    By  Byron  D.  Halsted,  New  Brunswick, 
N.J. 

ExPKRiMENTS  were  made  in  shading  varioas  truck  crops  with  frames 
of  lath  placed  upon  supporting  stakes.  The  space  between  the  lath 
equalled  the  width  of  the  lath,  so  that  a  half  of  the  direct  rays  were  in- 
tercepted. 

Daily  observations  of  a  thermometer  in  the  shade  and  in  the  open  showed 
that  the  temperature  under  the  lath  frames  by  monthly  averages  was 
lower  than  in  the  full  sun  as  follows:  May,  4°;  June,  4.2°;  July,6.5'*; 
August,  7.7°;  September,  16.6®. 

In  general  the  shade  retarded  germination  noticeably  of  lima  beans  for 
the  first  crop ;  but  the  opposite  was  true  for  the  second  or  mid-summer 
planting. 

All  root  crops,  as  turnips  and  carrots,  including  potatoes,  had  a  larger 
leaf  surface  in  the  shade  but  the  roots  were  much  smaller. 

The  shade  improved  the  salad  crops,  namely,  lettuce,  spinach  and  Swiss 
chard.    The  crop  that  was  most  improved  of  all  by  shade  was  celery. 

With  the  seed  of  the  fruit-producing  crops  as  beans,  peas,  egg  plants, 
tomatoes,  cucumbers  and  the  like,  the  time  of  blooming  was  retarded  and 
period  of  fruitfulness  materially  prolonged.  Wax  beans,  for  example,  at 
harvest  had  103  green  pods  for  the  exposed  to  287  for  the  shaded  area. 

The  foliage  is  of  a  deeper  green  in  the  shade  than  in  the  open.  In  the 
carrots  there  is  a  strong  tendency  to  broaden  the  dissected  portions;  in 
short,  there  is  an  attempt  to  increase  the  size  of  the  blade  in  the  various 
crop  plants. 

The  port  of  the  shaded  plants  is  dlfiierent  from  that  in  the  sun.  For  ex- 
ample, the  exposed  bean  plants  in  the  brightest  and  warmest  days  made 
aU  sorts  of  shifts  to  reduce  the  exposure,  changing  the  position  of  the 
leaflets  from  morning  until  evening,  while  in  the  shade  the  leaflets  liung 
out  horizontally  and  were  not  noticeably  hellotropic. 

The  leaves  in  the  shade  were  usually  much  thinner  than  those  grown  in 
full  exposure.  The  record  of  this  fact  was  made  by  sun  prints  of  the 
leaves  themselves,  the  shaded  ones  invariably  being  less  opaque  than  the 
ones  grown  in  the  sun.  Numerous  sun  prints  were  shown  to  es^tabllsh 
the  fact  of  the  lesser  density  of  the  shade-grown  leaves. 

A  study  of  wild  plants  along  the  same  lines  was  made  in  a  woodlot  and 
adjoining  clearing.  The  cinnamon  fern  (Osmunda)  was  noted  in  partic- 
ular as  having  graceful,  drooping  leaves  in  the  wooded  land,  while  in  the 
open  they  were  nearly  upright.  Actual  measurements  of  the  thickness 
of  the  leaflets  were  made,  those  in  the  shade  being  .098  millimeter,  while 
in  the  cleared  land  the  thickness  was  .258  millimeter. 

Many  other  difi'erences  as  to  hairiness,  color  of  stems,  etc.,  were  noted 
between  the  shaded  plants  and  those  in  the  open. 


Digitized  by 


Google 


418  SECTION   G. 


Influence  op  wbt  weather  upon  parasitic  fungi.    By  Byron  D.  Hal- 
STED,  New  Brunswick,  N.  J. 

There  is  some  connect  ion  between  the  weather  and  the  development  of 
parasitic  f nngi.  May  of  the  present  year  was  reraarlcably  wet  and  the 
following  June  brought  an  unusual  abundance  of  parasitic  fungi.  Among 
these  were  tlie  rust  of  hollyhock,  cedar  and  mandrake ;  smut  of  spring 
lily,  wheat  and  oats,  and  many  others.  The  peach  leaf  curl  fungus  was 
common  everywhere. 

The  year  1889  was  noted  for  its  wet  summer  and  also  for  the  destruc- 
tion of  potatoes  by  the  rot.  The  year  nearest  like  1889  since  then  was 
1897  when  again  July  was  phenomenal  for  the  heavy  precipitation.  It  be- 
ing 10.19  inches  in  1889  and  11.42  in  1897.  Last  season  was  like  that  of 
eight  years  before  in  the  outbreak  of  the  Phytophthora  in  the  potato  fields 
causing  the  wholesale  rotting  of  the  tubers.  The  Phytophthora  phaseoli 
Thax.,  was  discovered  in  1889  and  reappeared  destructively  last  season. 

The  records  of  the  experiment  station  show  that  in  both  of  the  years 
mentioned  there  was  much  black  rot  (  Physalospora  bidwellii  Ell.)  of  the 
grapes,  and  rust  {Gymnosporangium  macropus  Lk.)  in  the  apple  orchards. 
There  is,  in  short,  a  striking  parallelism  between  the  rainfall  and  the  abun- 
dance of  fungi. 

In  1894  the  growing  season  opened  vdth  a  wet  May  and  closed  with  a 
rainy  September.  There  were  long  periods  of  cloudy  weather  and  often 
it  was  hot  and  showery.  It  was  this  year  that  witnessed  the  unprece- 
dented outbreak  of  the  fire  blight  of  apple,  quince  and  pear. 

In  1896  there  was  a  rainy  June  and  July  and  during  this  period  the  as- 
paragus rust  (Puccinia  asparagi  DC)  made  its  appearance  in  the  Eastern 
United  States  to  an  alarming  extent,  and  last  year  It  was  in  even  greater 
abundance. 

There  are  not  sufficient  data  for  safe  and  substantial  generalizations, 
but  heavy  rainfalls  In  spring  seem  to  Induce  rusts  in  grains  and  orchard 
and  garden  crops,  and  the  fire  blights  of  fruit  trees.  Midsummer  pre- 
cipitations favor  the  decay  of  fruits,  particularly  the  stone  fruits,  and  the 
rotting  of  potatoes. 

Rainfall  does  not  express  all  the  meteorological  conditions  that  need  to 
be  taken  Into  consideration  In  this  connection. 


The  botanic  gardkns  at  Buitenzorg,  Java.   By  David  G.  Fairchild, 
Washington,  D.  C. 

A  popular  lecture  illustrated  by  forty  lantern  slides,  showing  build- 
ings, grounds,  and  characteristic  vegetation  of  the  Dutch  gardens  at  Bui- 
tenzorg and  Tljdbodas. 
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Strand  flora  or  Florida.     By  Hbrbbrt  J.   Webber,   Washington, 
D.  C. 

A  POPULAR  lectnre  lUastrated  by  fifty  lantern  slides,  showing  hoiv  the 
coast  of  Florida  has  been  extended  into  the  sea  through  the  combined  ac^ 
tion  of  the  waves  and  of  sand-arresting  and  sand-binding  plants. 


Notes  on  thk  relative  infrequesoy  op    punoi    upon  the  trans- 
Missouri    PLAINS    AND    THE    ADJACENT   FOOTHILLS    OF  THE  RoCXr 

MOUNTAINS.    By  Charles  £.  Bessbt,  Lincoln,  Neb. 


Fermentation  without  live  cells.    By  Kathsrine  £.  Golden  and 
.    Carlbton  O.  Ferris,  Lafayette,  Ind. 

In  our  experiments  we  followed  Btlchner's  method  in  regard  to  the 
preparation  of  the  yeast.  In  filtering  we  first  used  three  thicknesses  of 
the  ordinary  filter  paper,  filtering  twice,  then  two  thicknesses  of  parch- 
ment paper ;  but,  upon  microscopic  examination  of  the  extract,  live  cells 
were  found,  although  the  extract  appeared  clear  and  opalescent,  agreeing 
apparently  with  the  description  of  Biichner's.  A  filter  was  then  made  of 
gypsum.  This  was  made  by  putting  two  thicknesses  of  filter  paper  in  a 
glass  funnel,  then  coating  the  paper  with  about  one-half  inch  of  gypsum. 
The  filter  was  then  fitted  into  a  fiask  and  the  whole  sterilized.  The  fil- 
trate from  this  was  clear,  but  also  contained  live  cells,  though  few  in 
number.  The  filtrate  remained  clear  for  three  days,  then  became  murky 
from  the  growth  of  yeast  and  bacteria.  A  similar  filter,  but  having  the 
gypsum  an  inch  thick,  was  tested  with  like  results.  In  the  experiments 
which  followed,  a  porous  cup  was  used  and,  as  the  liquid  filtered  very 
slowly,  the  apparatus  was  connected  with  an  aspirator.  With  this  filter 
we  were  able  to  obtain  a  sterile  extract.  The  extract  was  tested  in  ten 
and  twenty  per  cent  cane  sugar,  dextrose,  and  wort  solutions,  but  no 
fermentation  took  place  in  any  of  them.  This  was  tested  at  three  sepa- 
rate times  and  at  37ib^  C.  as  well  as  at  the  room  temperature,  but  with 
negative  results  in  every  case. 

The  yeast  was  then  changed  to  another  compressed  yeast,  which  also 
gives  vigorous  fermentation,  but  in  no  case  was  any  fermentation  ob- 
tained. Will,  In  his  criticism  of  Biichner's  work,  states  that  in  his  judg- 
ment Bfichner*s  yeast  was  in  a  state  of  decomposition.  With  this  criti- 
cism in  mind  we  kept  quantities  of  both  compressed  yeasts  in  a  moist 
Condition  until  they  gave  oflf  a  rank  odor,  then  dried  them  and  proceeded 
as  with  the  fresh  ones,  testing  the  extract  in  ten  and  twenty  per  cent  so- 
lutions of  the  various  sugars,  but  with  similar  negative  results  to  those 
obtained  with  the  fresh  yeast  extracts. 

A.   A.   A.   S.  vol.   XLVII  27 
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Salt  as  a  drtrrbbnt  in  teast  fermentation.  By  Eathabinr  E.  Golden, 
Lafayette,  Ind. 

In  the  fermentation  of  bread,  salt  is  always  one  of  the  ingredients,  not 
nsed,  however,  for  any  eflfect  it  has  on  the  fermentation,  but  merely  as  a 
flavoring.  To  determine  the  eflfect  the  salt  has  beyond  the  flavoring,  some 
experiments  were  carried  out,  using  sponges,  doughs,  and  lastly  solutions 
containing  no  floar. 

In  the  first  set  of  experiments  six  different  sponges  were  made,  con- 
taining equal  quantities  of  flour,  water,  yeast,  and  salt,  varying  in  quantity 
from  one  per  cent  to  flve  per  cent  of  the  water  used.  One  sponge  had  no 
salt  added ;  this  to  be  used  as  a  control.  In  mixing  the  sponges  the  salt 
and  yeast  were  added  to  the  water  before  the  flour  so  as  to  ensure  a 
thorough  mixing.  The  sponges  were  placed  in  an  oven  at  23°  C,  and  obser- 
vations taken  at  intervals  of  half  an  hour.  A  second  series  was  conducted 
at  37°  C.  and  a  third  at  40°  C.  For  ease  in  reading  slight  variations  in  the 
fermentation,  the  sponges  were  mixed  Ip  long  test  tubes  of  nearly  uni- 
form diameter.  In  the  corresponding  numbers  of  the  three  series  the 
fermentation  action  was  fairly  uniform,  that  is,  there  were  practically  the 
same  diflferences  between  1%  and  2%  whether  fermented  at  23°  C.  or  40°  C. 
The  following  table  shows  the  average  of  the  three  series,  the  figures 
showing  much  regularity  in  the  action.  As  the  quantity  of  salt  increased 
from  1%  up,  the  action  of  fermentation  was  checked  in  a  corresponding 
ratio.  These  sets  of  experiments  were  repeated  three  times,  and  showed 
very  slight  variations  in  the  results,  so  that  the  set  of  figures  given  are 
tjTpical  of  the  action. 


INCREMENTS  OF  FERMENTATION  IN  INCHES. 

EXP. 

1»  SALT. 

\  HOUR. 

1  HOUR. 

14  HOURS. 

8  HOURS. 

a 

0 

.666 

1.376 

1.708 

1.688 

b 

1 

.542 

1.292 

1.626 

1.026 

c 

2 

.456 

1.200 

1.500 

1.666 

d 

3 

.854 

.968 

1.375 

1.875 

t 

4 

.313 

.875 

1.860 

1.876 

f 

5 

.146 

.292 

.488 

1.066 

A  series  of  experiments  with  stiff*  doughs  was  then  conducted;  and 
in  the  doughs,  as  In  the  sponges,  the  salt  acted  as  a  deterrent,  though  the 
slight  variations  that  c<iuld  be  seen  easily  in  the  sponges  could  not  be  de- 
tected in  the  doughs  as  broader  and  firmer  vessels  had  to  be  used  for 
the  mixing. 

In  these  experiments  where  flour  entered  as  an  ingredient,  it  would  be 
impossible  to  determine  whether  the  yeast  was  acted  upon  directly  by 
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the  salt,  or  indirectly  by  the  action  of  the  salt  upon  some  constitnent  of 
the  flour  required  by  the  yeast.  To  obviate  this  difficulty  in  interpretation 
a  series  of  experiments  was  made,  using  Fastenr  solution  witli  cane  sugar. 
These  were  carried  on  in  fermentation  tubes.  As  in  the  former  experi- 
ments, equal  quantities  of  the  solution  and  of  the  yeast  were  used  in  each. 
The  salt  varied  from  one  to  four  grams,  or  4,  8,  12,  and  16%  respectively 
of  the  solution  used  as  the  tubes  held  25  cc.  solution.  The  control  formed 
sufficient  gas  to  displace  the  solution  in  the  tube  in  23  hours,  the  4%  tube 
took  37  hours,  8%  took  38  hours.  12%  47  hours,  while  the  16%  took  7  days. 
The  fermentation  in  this  series  was  weak,  due  probably  to  the  yeast 
which  was  from  a  dry  yeast  cake,  and  though  there  was  a  gram  used  in 
each  tube,  this  gives  only  a  small  quantity  of  yeast,  as  the  cake  contains 
much  corn  meal.  In  the  next  series  a  compressed  yeast  was  used,  one- 
half  gram  in  each  tube.  The  action  of  fermentation  was  more  vigorous 
and  more  regular  than  In  the  former  series.  The  observations  were  taken 
every  quarter  hour. 


< 

VOLUME  OP  OA8  IN  CC. 

HOU] 
1    > 

Ml  — 

1 

1 

U 

U 

14 

n 

n 

3 

7 

20 

23 

a 

0 
2 

4 
6 
8 

8 

4 
1 

2 
2 

1 

8 

24 

2 

1 

8 
2i 

14 
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8 
2 

1 

2 
5 

24 

2 

14 

i 

6 
6 
4 

n 

h 

s 

4 

n 

c 

2 
14 

64 
151 
6 

d 

2 
124 

e 

24 

The  figures  in  the  table  are  the  number  of  cc.  of  gas  generated  in  the 
given  periods  of  time,  and  show  clearly  that,  as  the  quantity  of  salt  in- 
creased, the  vigor  of  fermentation  decreased. 

In  the  next  series  of  experiments  the  quantities  of  the  yeast  and  the 
solution  were  the  same  as  in  the  preceding,  but  the  quantity  of  salt  was 
decreased ;  this  in  order  to  determine  how  small  a  quantity  could  be  used 
and  still  get  a  deterrent  action,  1, 2,  8  and  4  decigrams  of  salt,  or  .4%,  .8%, 
1.2%,  1.6%  respectively  of  the  solution  were  used.  In  this  set  the  control 
started  fermentation  but  very  slightly  ahead  of  those  containing  the  salt 
and  then  kept  that  same  amount  ahead,  but  there  was  no  appreciable  dif- 
ference between  any  of  the  others. 

The  experiments  indicate  that  salt  has  a  deterrent  action  upon  fermen- 
tation, even  when  used  in  very  small  quantities,  and  that  after  a  certain 
quantity  of  salt  is  used,  the  action  is  in  a  direct  ratio  with  the  quantity 
of  salt  used ;  also  that  the  action  is  directly  upon  the  yeast,  and  does  not 
depend  upon  other  ingredients  of  the  sponge. 

Boutroux*  made  some  experiments  upon  leaven,  using  tartaric  acid.   In 

1  BoQtroax,  L.    Le  Pain  et  la  Paniflcation,  1897. 
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France  a  different  method  from  ours  for  fermenting  the  bread  Is  Hsed. 
There  a  portion  of  the  dongh  is  kept  from  one  baking  to  the  next  to  be 
mixed  with  the  fresh  dough.  In  Boutroux's  experiments  he  used  the  tar- 
taric acid  in  the  leaven  and  in  the  douj;h,  and  found  that  the  dongh  fer- 
mented more  yigoroasly  when  the  acid  was  In  the  fresh  dough  than  when 
In  the  leaven.  He  then  tried  leaven  in  acid  and  neutral  wort,  and  ob- 
tained vigorous  growth  in  the  neutral  wort,  and  but  slight  growth  in  the 
acid  wort.  He  states  that  salt  in  dough  should  act  like  the  tartaric  acid, 
that  it  retards  the  fermentation  when  it  is  used  in  any  but  very  small 
quantities. 

Jago*  found  that  salt  retarded  the  fermentation  of  the  dough,  but  he 
found  no  difference  in  the  action  between  a  1.4  %  salt  solution  and  a 2.9%; 
but  found  that  a  5  %  solution  retarded  the  fermentation  very  nuiterially. 
He  advises  using  the  salt  in  the  last  kneading.  This  is  practicable  where 
a  sponge  is  first  made,  then  the  dough ;  but  many  persons  make  a  stiff 
dough  at  once,  and  if  the  salt  were  kept  for  the  last  kneading,  it  could 
not  be  mixed  thoroughly  with  the  dough,  but  would  be  more  liable  to  stay 
in  pockets.  The  experiments  indicate  that  where  a  sponge  is  used  and  a 
quick  fermentation  desired,  the  salt  would  better  be  added  in  the  last 
stages. 


FUNaUS  GARDENING  AS  PRACTISBD  BY  THE  TBRMrTES  IN  WkST  AFRICA  AND 

Java.    By  O.  F.  Cook  and  D.  G.  Fairchild,  Washington,  D.  C. 

This  paper  describes  the  nests  of  termites  found  in  Africa  and  Java, 
and  the  fungi  taken  therefrom.  These  fungi  are  cultivated  by  the  ter- 
mites for  food  in  the  same  way  as  is  done  by  ants  (species  of  Atta)  in 
Central  and  South  America.  The  paper  was  illustrated  by  numerous  pho- 
tographs showing  sections  of  the  nests  with  the  fungi  in  place,  the  little 
swollen  hyphal  tips  used  for  food,  etc.     Some  of  the  nests  are  very  large. 


Thk  biology  op  cheese  ripening.    By  Profs.  S.  M.  Babcock  and  H.  L. 
Russell,  Madison,  Wis. 

The  most  important  changes  which  occur  during  the  ripening  of  cheese 
are  those  which  affect  the  casein,  this  being  gradually  transformed  from 
the  firm,  elastic,  and  insoluble  condition  found  In  a  green  cheese  into  the 
plastic,  and  more  or  less  soluble  substance  peculiar  to  a  well-ripened 
product.  The  early  explanations  of  these  changes  were  purely  chemical  ,- 
but  since  the  discoveries  of  Pasteur  and  others  in  the  field  of  fermenta- 
tion they  have  been  attributed  entirely  to  bacteria  and  other  mlcro-organ- 

i  Jago,  W.    Science  and  art  of  bread-making,  1895. 
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isms.  This  theory  is  made  very  plausible  by  the  enormous  development 
of  bacteria  in  cheese  and  the  fact  that  strong  antiseptics  which  inhibit 
bacterial  growth  also  prevent  the  normal  changes.  Duclaux  advanced 
the  hypothesis  that  the  clianges  in  the  casein  were  caused  by  digesting 
organisms,  on  account  of  the  similar  nature  of  the  products  formed. 
Later  observers  however  have  shown  that  such  organisms  fail  to  develop 
in  competition  with  the  lactic  acid  type  of  bacteria,  which  are  by  far  the 
most  prominent  species  found  in  normal  cheese.  On  the  other  hand  the 
lactic  acid  type  of  bacteria  appear  to  be  unable  to  digest  casein  to  any 
considerable  extent  when  grown  in  sterilized  milk,  unless  their  activity 
is  greatly  prolonged  by  neutralizing  the  acid  as  it  is  formed,  as  has  been 
done  by  Freudenreich,  in  which  case,  again,  the  conditions  do  not  con- 
form to  those  found  in  normal  cheese.  Moreover  the  ripening  changes 
in  cheese  progress  at  a  nearly  nnifoim  rate  for  a  long  time  after  bacterial 
development  has  greatly  declined. 

The  authors  of  this  paper  were  unable  to  reconcile  the  many  apparent 
discrepancies  of  the  biological  theory  until  they  attempted  to  sterilize 
milk  for  their  experiments  by  the  addition  of  mild  antiseptics,  such  as 
ether  and  chloroform,  which  could  afterwards  be  removed,  and  thus  avoid 
any  changes  which  might  be  produced  by  boiling  the  milk.  Such  milks 
although  sterile  underwent  similar  changes  to  those  that  occur  in  cheese. 
As  the  agents  used  in  this  case  discriminate  between  organized  and  un- 
organized ferments,  it  is  evident  that  milk  contains  an  unorganized  fer- 
ment capable  of  digesting  casein.  They  have  also  shown  that  this  enzyme 
is  inherent  in  the  milk  itself  and  have  succeeded  in  isolating  the  same 
from  milk  and  producing  all  of  the  changes  that  normally  occur  in  the  raw 
milk.  The  anthors  have  given  to  this  ferment  the  name  oalactasb  and 
they  believe  that  it  plays  an  important  r61e  in  the  proteolytic  changes  that 
occur  in  the  ripening  of  cheese. 


Tub  lbavrs  of  tbb  red  astrachan  applr  immune  from  the  attack  of 
Otmnosporanoium  MACROPU8.  By  W.  J.  Bbal,  Agricultural  College, 
Mich. 

Wishing  to  cultivate  this  parasite  in  the  botanic  garden  and  as  it 
was  not  to  be  found  on  the  red  cedars  of  central  Michigan,  my  friend. 
Dr.  Halsted,  of  New  Jersey,  induced  some  one  there  to  send  me  half  a 
dozen  young  cedars,  well  supplied  with  living  galls  of  Gymnosporangium. 
This  was  early  in  the  spring  of  1897.  Near  the  cedars,  almost  in  contact, 
I  set  two  young  apple  trees  of  the  variety  red  astrachan.  While  the 
leaves  of  the  apple  were  yet  small,  I  applied  artificially  in  three  places 
some  teleutospores  from  the  cedar.  Several  times  afterwards,  during  the 
spring  and  summer,  examinations  were  made,  but  no  traces  of  the  fun- 
gus could  be  found  on  the  leaves  of  the  apple.  The  tests  were  repeated 
in  1898,  with  the  same  results.  A  letter  from  Prof.  L.  R.  Jones,  of  Ver- 
mont, states  that  he  has  tried  to  induce  the  teleutospores  from  the  re4 
cedar  to  attack  red  astrachans  with  negative  results. 
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On  the  occurrbncb  op  a  yeast  form  in  thb  life  cycle  of  the  black 
ROT  OF  APPi^,  Sphaeropsis  malorum,  Pkck.  By  Wm.  B.  Alwood, 
Black sbur^,  Va. 

This  paper  records  the  discovery  of  a  yeast  form  occurring  Id  labo- 
ratory cultures  of  this  fungus  which  on  isolation  and  reinfection  on  the 
fruit  of  apple  produced  the  common  fruiting  bodies  characteristic  of  S. 
malorum. 


Notes  on  Stewart's  sweet-corn  germ,  Pskudomonas  stbwarti,  n.  sp. 
By  Dr.  Erwin  F.  Smith,  Washington,  D.  C. 

In  the  early  part  of  1898  I  received  from  Mr.  Stewart  a  pure  culture 
of  this  organism  with  the  request  that  I  should  work  it  over  and  name  it. 
Since  that  time  I  have  carried  It  through  many  cultures,  comparing  It 
with  other  organisms.  It  seems  to  be  an  undescribed  form.  It  Is  mo- 
tile by  means  of  a  polur  flngeUum  and  I  have  consequently  designated  It 
Pseudomonas  stewarti,  in  recognition  of  Mr.  Stewart  who  first  called 
attention  to  It.  With  some  exceptions  noted  below  It  possesses,  so  far 
as  I  have  studied  it,  the  characters  assigned  to  it  by  Mr.  Stewart*  and 
some  others  which  will  help  to  distinguish  It.  The  question  of  its  para- 
sitic nature  must  be  left  where  Mr.  Stewart  left  it.  I  consider  that  he  has 
not  proved  It  to  be  a  parasite,  although  he  has  certainly  rendered  It  prob- 
able.* 

The  particulars  In  which  I  have  been  uniible  to  agree  with  Mr.  Stew- 
art are  the  following : 

STEWART.  SMITH. 

Color  on  agar  at  flret  a  dirty  white  Buff  from  the  start, 

changing  to  a  deep  yellow  (raw  sienna). 

On  potato  the  "  organism  grows  very  Grows   slowly  and   feebly  on   potato 

rapidly."  In  comparison  with  many  other  germs, 

e.  g.t  Bacillus  cUxiccBf  P».  campestris,  l*t. 
phaseoli.  The  P«.  pAa«eo^i  makes  fifty  to 
one  hundred  times  as  much  growth  on 
potato. 

In  tubes  of  potato  a  yellowish-white  A  buff  precipitate, 

precipitate. 

In  forty-eight  hours  the  potato  cylin-  Potato   becomes     gray.       It    is     not 

der  begins  to  turn  brown  and  in  a  week        browned, 
it  is  decidedly  brown. 

1 A  Bacterial  Disease  of  Sweet  Com.  Bull.  No.  ISO,  December,  1897,  N.  Y.  Ag.  Exp. 
Sta.,  Geneva,  N.Y. 

*  Since  this  was  written,  I  have  seen  this  disease  in  two  fields  in  Southwestern 
Michigan  on  flat  land  in  dent  com  sown  late  for  fodder.  The  leaves  were  flabby  or 
shrivelled  and  the  vessels  of  the  leaves  and  stalks  were  full  of  this  yellow  organism, 
so  that  I  am  still  more  Inclined  to  believe  that  Mr.  Stewart  is  correct  In  assuming  it  to 
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8TBWAKT.  SMITH. 

The  quantity  [of  alkali]  is  not  sufli-  In  six  days  the  fluid  In  my  potato  cul- 

clent  to  overcome  the  slight  acidity  of      ^ures  changed  fi-om  feebly  aeld  to  feebly 
the  water  In  the  bottom  of  the  tubes       alkaline  and  became  strongly  alkaline  In 
containing  sterilized  potato  cylinders.       three  weeks  to  neutral  litmus. 
And  the  behavior  of  tubes   of  litmus  The    behavior  In   litmus  milk,  as  de- 

mllk  Inoculated  with  the  germ  indicates  scribed  by  Mr.  Stewart,  is  simply  that  of 
the  production  of  acid  rather  than  alkali.       many  bacteria  which  reduce  litmus  to  a 

colorless  substance  without  the  produc- 
tion of  any  acid. 
In  beef  bouillon  at  the  end  of  three  In  1 :2  beef  broth  made  strongly  alka- 

weeks  some  flocculent  white  precipitate  line  to  litmus  (neutral  to  phenolphtha. 
is  formed.  leln)  by  adding  caustic  soda  the  precipi- 

ate  was  bright  buff;  in  acid  beef  broth 
(unneutrallzed)  It  was  dark  buff. 

Organism  appears  to  grow  beat  on  Organism  grows  much  better  in  beef 

neutral  or  slightly  acid  media.  A  com-  broth  neutral  to  phenol phthaleln  (strong- 
paratlvely  slight  degree  of  alkalinity  Is  ly  alkaline  to  litmqs)  than  in  acid  beef 
sufficient  to  prevent  growth,  but  on  the  broth  (1:3  unneutrallzed).  This  germ 
acid  side  there  is  a  wider  range.  grew  well  In  beef  broth  neutral  or  even 

slightly  alkaline  to  phenolphthaleln.  It 
is,  however,  not  very  sensitive  to  certain 
acids. 


ADDITIONAL  DATA. 

(1)  The  organism  grows  readily  on  Loeffler's  solidified  blood  serum, 

forming  a  bright  buff  layer  dense  enough  to  hide  the  substratum. 
It  does  not  induce  any  liquefaction  (four  weeks).  In  this  par- 
ticular it  differs  from  Ps.  campesPris  and  a  number  of  other  one- 
flagellate  germs  known  to  the  writer. 

(2)  The  organism  grows  best  in  the  presence  of  cane  sugar.     Cultures 

on  potato  or  turnip  cylinders,  which  contain  but  little  sugar, 
when  placed  side  by  side  with  cultures  on  cylinders  of  sugar  beets, 
show  a  most  surprising  difference.  The  growth  is  ten  to  fifty 
times  as  abundant  on  the  sugar  beet.  The  same  differences  were 
obtained  in  bouillon  and  on  agar  by  adding  or  withholding  cane  su- 
gar. If  the  organism  is  a  parasite,  we  hare  in  this  fondness  for 
sugar  an  explanation  of  ;why  sweet  corn  is  attacked  in  preference 
to  common  corn.  Some  other  sugars  also  stimulate  growth,  e.  g, , 
grape  sugar  and  galactose.  In  5%  doses,  dextrine,  mannite,  gly- 
cerine, lactose  and  maltose  have  no  favorable  influence.  Possibly 
5%  glycerine  has  a  restraining  influence.  The  germ  grows  read- 
ily on  nutrient  starch  jelly  in  presence  of  6%  lactose  or  6%  man- 
nite when  another  organism  is  present  to  convert  starch  for  it. 

be  a  parasite.  Often  at  least  infection  takes  place  in  early  stages  of  growth  and 
almost  certainly  through  the  water  pores  at  the  apex  of  the  leaf.  I  saw  cases  where  the 
infection  had  proceeded  part  way  down  a  leaf,  and  cutting  off  the  upper  Ave  to  ten 
mm.  of  the  shrivelled  tip  and  mounting  In  water  the  bacteria  swarmed  out  of  the  cut 
bundles  and  also  from  the  extreme  tip  of  the  leaf  and  from  no  other  parts.  Several 
times  two  shoots  from  one  root  were  seen  with  only  one  of  the  two  plauta  affected. 
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(3)  The  organism  makes  a  very  copious  and  surprisingly  long-continued 

bright  buff  growth  In  Uschinsky*s  solution.  This  is  the  most 
suitable  nutrient  fluid  I  have  found.  It  is  better  by  far  than  beef 
broth  or  potato  broth.  For  comparison  half  a  dozen  other  yellow 
germs  were  grown  in  this  fluid,  but  none  of  them  showed  anything 
like  as  much  vigor.  For  instance  this  germ  gave  a  much  more 
prolonged  cloudiness  and  ten  to  fifteen  times  as  much  precipitate  as 
Ps.  campestriSy  Ps.  phaseoli  or  Ps.  hyacirUhu  The  fluid  clouded  in 
forty-eight  hours  and  was  very  turbid  and  fully  alive  at  the  end 
of  three  months.  At  this  time  the  fluid  was  intensely  alkaline 
and  the  color  of  the  slime  (placed  on  white  paper  and  compared 
with  Ridgway's  tables)  was  between  his  ochre  yellow  and  chrome 
yellow. 

(4)  The  diaatatic  action  appears  to  be  rather  feeble.     On  my  nutrient 

starch  jelly  (Uschinsky's  solution  with  starch  in  place  of  glycer- 
ine) the  growth  was  rather  feeble,  resembling  in  this  respect  P*. 
hyacinthi,  and  at  the  end  of  two  months  there  was  a  strong  iodine 
starch  reaction  immediately  under  the  germ  layer.  There  was 
also  a  strong  starch  reaction  immediately  under  the  germ  layer 
on  potato  alter  seventy-three  days'  growth.  Such  cultures  were 
strongly  alkaline  and  had  a  disagreeable  smell,  common  to  many 
bacteria  and  a  little  suggestive  of  soured  cooked  potatoes,  but 
the  cylinders  were  not  softened.  When  cane  sugar  or  other  nu- 
trient sugars  were  added  the  growth  proceeded  rapidly  and  be- 
came abundant,  but  the  dlastatic  action  was  not  much  increased. 
At  the  end  of  twenty-four  days  the  growth  on  the  nutrient  starch 
jelly  with  5  %  cane  sugar  was  estimated  to  be  one  hundred  times 
as  great  as  on  the  same  medium  without  the  sugar. 

(5)  Organism  grows  moderately  well  on  carrot,  not  always  obscuring 

the  color  of  the  substratum.  It  grows  better  than  on  turnip  or 
potato,  probably  because  it  contains  more  sugar,  but  not  nearly 
so  well  as  on  sugar  beet. 

(6)  On  cocoanut  flesh  after  two  weeks  at  20°  to  27°  C,  the  growth  was 

bright  buff  and  sufficient  to  hide  the  substratum.  In  the  fluid 
there  was  about  the  same  amount  of  precipitate  as  in  the  tubes 
of  carrot.  At  the  end  of  eleven  weeks  the  fluid  was  strongly  al- 
kaline. 

(7)  Acid  beef  broth  (1 :2  unneutralized)  retarded  growth.    At  the  close 

of  the  third  week  the  fluid  was  strongly  alkaline  to  litmus. 

(8)  Strongly  acid  beef  broth  (1 :2  concentrated  by  boiling,— acidity  of 

Ice.  =0.80cc.  —  NaOH)  strongly  retarded  growth  and  prevent- 
ed it  altogether  if  only  a  few  germs  were  put  into  the  tubes. 

(9)  The  organism  grew  well  in  half- strength  potato  broth  (1 :4)  with 

the  addition  of  a  small  amount  of  malic  acid  (acidity  of  Ice.  of 
broth  =  0.46  cc.  —-NaOH).  It  is  much  less  sensitive  to  malic 
acid  than  Ps.  hyacinthi  or  Ps.  campestris. 
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(10)  In  the  potato  broth  without  addition  of  malic  acid  (acidity  of  lcc.= 

0.30  cc.       NaOH)  the  behavior  of  the  organism  was  much  the 

same.  The  cloading  did  not  occur  sooner  and  was  not  heavier. 
The  striking  feature  of  the  potato  broths,  both  with  and  without 
the  malic  acid,  was  the  absence  of  any  bright  color  either  in  the 
precipitate,  the  fluid  itself,  or  the  mass  of  germs  forming  a  rim 
at  its  surface.  The  deepest  pigmentation  was  only  a  dirty  yellow- 
ish white.  This  was  in  marked  contrast  to  the  color  in  beef  broth, 
or  in  Uschinsky's  solution. 

(11)  On  the  slant  surface  of  standard  nutrient  agar  (1  litre  distilled  water, 

10  gr.  agar,  2.6  gr.  Liebig's  beef  extract,  10  gr.  Witte's  peptone, 
neutralized  with  sodium  carbonate)  the  growth  was  rather  feeble. 
The  slime  was  strongly  alkaline  and  its  color  on  old  cultures  was 
between  buff-yellow  and  chrome-yellow  (Ridgway).  This  agar 
was  +  16.5  Fuller's  scale  and  was  free  from  muscle  sugar.  The 
growth  of  the  germs  on  the  same  agar  with  the  addition  of  1 
gram  of  c.  p.  grape  sugar  for  each  lOcc.  of  agar  was  ten  times 
as  abundant. 

(12)  In  the  cooked  juice  of  green  cabbage  leaves  undiluted  with  water 

N 
(acidityof  Ice.  =0.40  cc.  —  NaOH)  this  organism  grew  with- 
out retardation,  i.  e. ,  the  fluid  became  clouded  In  forty-eight  hours. 
It  remained  acid  for  the  first  seven  days  but  was  only  feebly  so 
on  the  seventh  day  Hitmus).  It  was  feebly  alkaline  on  the  four- 
teenth day,  and  strongly  so  at  the  end  of  four  weeks,  remain- 
ing so.  There  was  a  copious  dirty  buff  precipitate.  Five  other 
species,  of  bacteria  parasitic  to  plants  were  inoculated  into  this 
same  medium  but  none  of  them  would  grow.  One  of  these  was 
Ps.  campestris. 

(13)  The  organism  was  inoculated  into  four  different,  cooked,  acid  to- 

mato juices  (Nos.  334, 388,  332  and  881,  undiluted  by  water)  viz. : 
from  small  green  fruits,  from  full-grown  green  fruits,  from  fruits 
just  beginning  to  flush  and  from  fully  ripe  (red;  fruits.  These 
were  carefully  titrated  for  acidity  and  sugar  content  and  were 
quite  acid,  i,  e.  60%  more  so  than  the  cabbage  juice.  Develop- 
ment was  retarded  at  flrst  but  in  three  of  the  broths  the  organism 
overcame  the  hindering  substances  and  m$de  a  good  growth  after 
the  flrst  week,  most  in  those  stocks  which  titration  had  8hown  to 
contain  the  most  sugar.  Stock  No.  331  was  still  strongly  acid 
at  end  of  thirty  days,  although  the  organism  had  made  such  an 
excellent  growth  in  it  that  it  was  barely  possible  to  see  the  pen- 
holder behind  the  tube.  In  No.  332,  no  growth  could  be  obtained, 
although  it  contained  more  sugar  than  331  and  was  of  about  the 
same  grade  of  acidity.  This  was  attributed  to  the  presence  of  an 
inhibiting  acid  different  from  that  of  the  ripe  fruit.  Six  other 
bacteria  parasitic  to  plants  were  Inoculated  Into  these  broths 
(very  copiously)  but  none*of  them  grew. 
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(14)  At  the  end  of  forty-seven  days  the  slime  in  10  cc.  of  agar  with  1 
gram  of  grape  sugar  was  distinctly  acid,  wliile  in  the  same  agar 
without  the  sugar  the  slime  was  strongly  alkaline  to  litmus.  At 
the  end  of  eighty- six  days  the  slime  in  a  sugar  beet  culture  showed 
no  alkaline  reaction,  but  dried  acid  on  neutral  litmus  paper,  while 
the  slime  from  corresponding  cultures  on  potato  and  cocoanut,  al- 
though less  abundant,  was  strongly  alkaline.  There  can  be  no 
doubt,  therefore,  that  one  or  more  acids  are  produced  by  the 
growth  of  the  germ  in  the  presence  of  assimilable  sugars,  not, 
however,  out  of  lactose. 

(16)  No  gas  was  produced  in  any  of  my  cultures. 

(16)  No  spores  have  been  seen. 

SYNOPSIS  OF  CHARACTEBS. 

A  medium-sized  rod  rounded  at  the  ends  and  motile  by  means  of  one 
polar  flagellum,  size  0.6  to  0.9  by  1  to  2^,  no  spores  observed;  found  in 
enormous  numbers  in  the  vascular  bundles  of  com  (^Zea  mays)  associated 
with  a  destructive  disease  of  which  it  is  probably  the  cause ;  color  In  the 
host  plant  and'  in  culture  media  yellow  (buff  to  chrome  or  ochre,  occasion- 
ally a  pale  dirty  yellow) ;  aSrobic  and  facultative  anaSrobic ;  grows  in  all 
ordinary  culture  media ;  bears  alkali  well  (soda)  and  plant  acids  extremely 
well ;  grows  luxuriantly  in  Uschinsky's  solution ;  growth  enormously  stim- 
ulated by  cane  sugar,  grape  sugar,  and  galactose ;  growth  not  favored  by 
6%  doses  of  lactose,  maltose,  dextrine,  mannlte,  or  glycerine  in  nutrient 
starch  jelly ;  diastatic  action  feeble,  i.  e.  able  to  obtain  food  from  starch 
only  with  much  difficulty ;  produces  alkalies  in  all  sorts  of  media  and  acids 
in  the  presence  of  grape  and  cane  sugar ;  reduces  litmus  slowly ;  does  not 
liquefy  gelatin  (Stewart)  ;  does  not  liquefy  Loeffler's  blood  serum ;  grows 
well  at  summer  temperatures  of  25°  to  30°C ;  does  not  die  out  quickly  in 
culture  media ;  does  not  produce  gas;  sensitive  to  light  (Stewart) ;  occurs 
in  New  York  and  Michigan  and  may  be  looked  for  in  all  parts  of  the 
United  States. 


A  BACTERIOLOGICAL  STUDT  OF  PEAR  BLIGHT.      By  LiLLIAN  SNYDRK,  Lafay- 
ette, Ind.  • 

In  connection  with  the  true  pear  blight  bacillus,  Micrococcus  amylo- 
vorusj  Bur.,  another  germ  is  found.  This  second  germ  together  with  the 
blight  bacillus  has  been  carried  through  a  number  of  experiments,  in- 
cluding inoculations  into  the  tree  in  order  to  compare  the  two  germs  and 
to  determine  if  they  are  related  to  each  other.  In  these  experiments  it 
is  found  that  they  are  very  similar  morphologically  but  different  in  phy- 
siological characters.  The  second  germ  cannot  be  isolated  from  the  in- 
terior of  the  diseased  portion  unless  the  needle  (if  the  platinum  needle  is 
used  to  transfer  the  germs)  comes  in  contact  with  the  surface  of  the 
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branches  from  which  the  cultures  are  taken.  This  germ  may  be  obtained 
l)y  putting  pieces  of  diseased  tissue  In  nutrient  solution.  When  healthy 
tissue  is  placed  in  nutrient  solution  the  germ  is  also  obtaiaed,  or  when 
the  surface  of  healthy  tissue  is  washed  in  a  nutrient  solution  this  germ 
appears.  This  together  with  other  experiments  has  led  to  the  conclusion 
that  the  second  germ  isolated  from  the  tree  in  connection  with  the  blight 
germ  is  only  a  surface  germ  and  not  really  parasitic. 


The  life-histort  and  characteristics  of  TriE  pear-blioht  oekm.    By 
M.  B.  Waite,  Washington,  D.  C. 

Beginning  in  the  spring  the  germs  on  the  new  growth  of  the  season 
first  appear  on  the  nectar  disks  of  the  blossoms.  The  bacilli  lire  and 
multiply  ill  the  nectar  and  are  able  to  enter  the  nectar  glands  without  a 
puncture  or  injury  and  thus  normally  get  inside  their  host.  The  distri- 
bution from  flower  to  flower  and  tree  to  tree  is  through  the  agency  of 
insects,  mainly  flower-visiting  sorts.  Infection  also  occurs  on  the  young 
shoots  and  less  frequently  on  the  fleshy  bark  through  injuries.  Insects 
and  birds  are  agents  of  distribution  and  inoculation  in  these  cases.  No 
evidence  could  be  found  that  the  germs  are  carried  by  the  wind.  The 
blight  germs  usually  die  out  in  the  twigs  which  are  blighted  and  dead  but 
in  certain  cases  the  germs  manage  to  keep  alive  through  the  summer  by 
making  slow  progress  in  the  fleshy  bark.  Such  cases  may  succeed  in 
living  over  winter.  Winter  weather  is  favorable  to  the  longevity  on 
account  of  the  moisture  and  low  temperature.  The  cases  of  "  hold  over  " 
blight  start  off  again  in  spring  and  exude  quantities  of  gummy  matter 
full  of  the  bacilli.  This  is  visited  by  insects,  especially  flies  and  wasps, 
and  carried  on  to  the  newly-opened  flowers  thus  completing  the  life 
cycle. 

The  condensed  characters  may  be  given  as  follows :  An  oval  rod  like 
bacillus  .6  >  .8  /u  by  1  to  6  ^long.  Constant  in  diameter  bat  varying 
greatly  in  length.  Occurs  singly  or  in  young  cultures  in  pairs,  chains  or 
masses.  Stains  readily  with  the  ordinary  aniline  dyes  either  watery  or 
alcoholic  solutions.  Has  no  capsule,  but  Is  supplied  with  several  flagella 
scattered  over  the  surface.  It  is  actively  motile.  Does  not  produce 
spores.  On  nutrient  beef  and  potato  broth  produces  flrst  a  strong  tur- 
bidity and  a  slight  granular  pellicle  on  the  surface,  which  breaks  up  and 
settles  to  the  bottom.  The  color  of  the  mass  is  milky  white  on  all  solid 
media. 

On  agar  plates  the  outside  colonies  at  ordinary  temperatures  18-20^  C. 
reach  a  diameter  of  about  1  mm.  in  forty-eight  hours  and  at  the  end  of  a 
week  become  6  to  6  mm.  across.  A  temperature  of  86-37°  C.  starts  the 
growth  more  promptly  but  results  in  a  feebler  ultimate  development. 

The  addition  of  malic  or  citric  acids  in  small  amounts  so  as  to  acidify 
the  agar  increases  the  vigor  of  growth  while  an  excess  of  alkali  dimin- 
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ishes  it.  On  gelatine  made  from  the  commercial  brands,  the  opposite 
effect  is  produced.  Gelatine  should  be  neutral  to  phsenolphthalefn  to  in- 
sure vigorous  development.  There  is  a  moderate  liquefaction  in  good 
gelatine  cultures.  A  moderate  growth  is  made  on  sterile  potato  cylinders. 

In  the  fermentation  tube  it  decomposes  sugar  without  the  formation  of 
gas.  It  is  most  vigorous  on  maltose  the  cultures  becoming  strongly  acid, 
and  is  slightly  less  so  on  cane  sugar,  dextrose  and  levulose.  It  is  aCrobic 
and  facultative  anaerobic.  It  produces  no  pigment  or  coloring  matter  of 
any  sort  and  no  odor.  It  does  not  decompose  starch.  Its  principal  food 
consists  of  nitrogenous  matter,  sugars  and  probably,  to  some  extent, 
certain  organic  acids,  the  very  substances  which  occur  in  vigorous, 
young,  growing  tissues  of  the  host.  Certain  statements  formerly  made 
are  now  known  to  be  erroneous. 

The  germ  mass  is  said  to  be  yellowish  white  on  potato.  This  conld 
only  come  from  an  impure  culture  as  the  true  pear-blight  germ  is  always 
white.  Gas,  or  in  some  places  CO^  gas,  is  said  to  be  formed.  This  never 
occurs.  Butyric  acid  is  said  to  be  one  of  the  products  of  its  decompo- 
sition. The  germ  produces  acids  but  never  butyric.  Starch  is  said  to 
be  decomposed  and  used  as  a  food,  but  so  far  we  liave  never  been  able 
to  demonstrate  this.  The  germ  is  said  to  live  over  winter  in  tlie  soil.  In 
our  search  we  have  failed  to  find  it  in  such  places  and  its  life  cycle  is 
complete  without  it. 


The  effbct  of  some  chemical  fertilizers  upon  the  germination  of 
SEEDS.    By  Gilbert  H.  Hicks,  Washington,  D.  C. 

R^UMfi  of  previous  investigations,  especially  those  of  Taatphodos, 
Vilmorin,  Hlndorf ,  Nessler,  Jarius,  Claudel,  and  Crochetelle  and  Buflhm. 
In  the  progress  of  germination  fertilizers  may  influence : 

1.  The  swelling  stage. 

2.  The  nature  and  availability  of  the  reserve  materials. 

3.  The  awakening  and  growth  of  the  embryo. 

4.  The  young  sprout  before  it  reaches  the  surface  of  the  ground. 
This  paper  attempts  to  show  that  the  principal  effect  Is  in  the  latter 

instance. 
Method  of  conducting  the  experiments  upon  which  this  article  is  based : 
I.    Account  of  tests  made  with  seeds  of  wheat. 
II.        **  **        **        **        **      **      **    lettuce. 

III.        **  **        **        *'        "      **      "    radish. 

I  v.        **         **        **        **        "      •*      **    crimson  clover. 

Conclusions. 

1.  One  per  cent  strengths  of  muriate  of  potash  and  sodium  nitrate 
used  as  fertilizers  are  very  detrimental  to  the  germination  of  seeds, 
whether  applied  directly  or  mixed  with  the  soil. 
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2.  Fertilizers  composed  of  phosphoric  acid  or  lime  are  much  less  in- 
jurious to  germination  than  sodium  nitrate  or  muriate  of  potash,  and  if 
not  used  in  excess  may  be  harmless^ 

3.  Commercial  fertilizers  should  not  be  brought  into  direct  contact 
with  germinating  seeds. 

4.  The  effect  of  treating  seeds  with  chemicals  before  planting  is  no  in- 
dex to  the  action  of  those  chemicals  when  applied  as  manures  to  the  soil. 

6.  The  chief  injury  from  chemical  fertilizers  is  effected  upon  the 
young  sprouts  after  they  leave  the  seed  coat  and  before  they  emerge  from 
the  soil,  while  the  seeds  themselves  are  injured  only  slightly  or  not  at  all. 

6.  It  is  highly  improbable  that  potash,  phosphoric  acid,  nitrogen  or 
lime  used  as  fertilizers  actually  favors  germination. 


Development  of  the  pollen  grain  in  Stmplocarpus  and  Prltandra. 
By  B.  M.  DoOGAR,  Ithaca,  N.  Y. 

In  these  studies  all  material  was  fixed  in  the  Flemming  chrom-osmo- 
acetic  mixture,  and  stained  mostly  in  parallel  series  with  the  Flemming 
triple  stain  and  with  iron  hematoxylin  and  orange. 

Division  in  the  primitive  archesporium  Is  of  the  vegetative  type,  and 
the  number  of  chromosomes  present  is  that  of  the  whole  number  of  the 
sporophyte. 

The  resting  nucleus  of  the  definitive  archesporium  has  a  large  nucleolus 
taking  the  chromatin  stain  in  the  Flemming  combination.  The  reticulum  is 
a  loose  net  very  slightly  chromatic.  In  the  cytoplasm  there  is  no  differ- 
entiated zone  of  kinoplasm. 

Synapsis,  or  the  contracted  state  of  the  chromatin  thread  in  the  late  re- 
ticulum or  early  spirem,  was  found  abundantly  at  a  definite  period  in  the 
life  history  of  these  cells  prior  to  actual  division.  In  this  condition  stain^ 
ing  is  difficult,  and  the  return  from  this  phase  is  characterized,  especially^ 
by  a  loosening  of  the  ribbon  into  one  perfect  coil,  thus  truly  initiating  the 
spirem. 

The  spirem  ribbon  becomes  nodulate,  and  finally  segmentation  is  pre^ 
ceded  l)y  a  bending  back  of  the  ribbon  at  definite  points  and  by  the  disap- 
pearance of  the  cliromatin  along  the  connecting  linin. 

The  formation  of  the  spindle  is  multipolar,  and  the  chromosomes  are 
centrally  as  Wfell  as  peripherally  arranged. 

The  nucleolus  is  peculiar  in  assuming  various  shapes  during  segmenta- 
tion and  in  showing  linin  connections  with  the  general  ribbon. 

The  first  division,  in  general,  Indicates  that  there  is  a  longitudinal  di- 
vision of  the  chromosomes,  although  in  Symplocarpus  there  is  a  suggestion 
that  the  first  division  may  be  the  reducing  division,  and  hence  transverse. 

In  the  second  division  the  daughter  segments  separate  longitudinally  in 
both  cases.  There  is  no  return  of  the  nucleolus  prior  to  the  second  division 
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but  a  true  dlspireni  is  formed.  Tliis  is  in  accord  with  studies  on  LUiaces, 
but  differs  from  some  dicotyledonous  plants  studied. 

In  the  division  of  the  microspore  nucleus,  the  nucleus  first  migrates  to 
one  side  of  the  cell,  and  the  entering  kinoplasm  forms  a  multipolar,  some- 
what barrel-shaped  spindle.  This  finally  l>ecomes  completely  attached  at 
one  pole,  forming  a  truncated  cone,  while  the  other  pole  of  the  spindle  may 
be  truly  conical.  This  fixity  of  the  spindle  causes  the  unequal  division  of 
the  cell  body,  necessitating  the  small  generative  cell,  and  this  method  of 
division  (fixity  of  one  pole)  seems  to  be  characteristic  of  such  divisions 
in  many  plants. 


Thb  bmbrtolooy  of  Taxus.    By  E.  J.  Durand,  Ithaca,  N.  Y. 

In  this  paper  the  development  of  the  female  prothallium  is  traced  from 
one  cell  of  an  initial  axial  row  of  about  three  cells.  The  nuclei  which 
result  from  the  division  of  that  of  the  macrospore  arrange  themselves  in 
a  peripheral  layer,  and  walls  are  formed  between  them  so  that  the  young 
prothallium  is  in  the  f  oi*m  of  a  hollow  sphere.  The  hollow  center  grad- 
ually becomes  solid  from  the  ingrowth  of  the  cells. 

The  archegonia  are  developed  at  the  distal  end  of  the  prothallium.  The 
neck  consists  of  four  cells,  instead  of  one  as  is  usually  stated  for  this  plant. 


NOTKS  ON    THB    KMBRTO  SACS  OF    CERTAIN  MONOCOTYLEDONS.      By  K.   M. 

WiEQAND,  Ithaca.  N.  Y. 

Recent  investigations  made  by  the  speaker  tend  to  show  that  the  two 
extreme  types  of  embryo-sac  formation,  as  illustrated  by  Lilium  and 
Canna,  are  related  in  a  manner  not  before  observed.  In  Convallaria  which 
represents  the  transitional  type,  a  septum  is  formed  after  the  first  division 
of  the  hypodermal  nucleus,  but  not  after  the  second.  This  represents 
an  axial  row  of  four  cells  with  two  septa  omitted.  The  remaining  septum 
at  length  breaks  down  so  that  a  single  cavity  containing  eight  nuclei  re- 
sults. The  single  cell  of  Lilium  is  therefore  derived  from  the  four  axial 
cells  of  Canna,  not  primarily  through  the  omission  of  any  divisions  of  the 
mother-cell  but  by  the  absence  of  the  septa. 


Rapidity  of  circumnutation  movkments  in  relation «  to  trmpera- 
TURB.  By  E.  Simons  and  R.  E.  B.  McEenney,  University  of  Penn- 
sylvania. 

Results  are  given  by  Darwin  for  five  plants :  Phaseolus  vulgaris,  Hnmulus 
lupulits,  Convolvulus  sepium,  Lonicera  brachypoday  Wistaria  sinensis. 

Time  of  shortest  circumnutation  given,  but  few  exact  details  as  to 
temperature.    Average  there  in  England  16°-16°  C»  in  spring,  20^-23*^  C.  in 
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Various  results  already  obtained  at  the  Botanical  Laboratory  of  Uni- 
versity of  Pennsylvania,  pointed  to  likelihood  of  higher  average  tempera- 
ture of  Philadelphia  giving  more  rapid  results.  Proved  to  be  true  for 
Dlona^,  Mimosa,  and  hop. 

In  this  papfr  no  account  is  taicen  of  relative  light  Intensity,  though  data 
are  being  gathered  which  prove  that  this  is  an  extremely  Important  fac- 
tor. 

On  dull  cold  days  with  temperature  at  15^-19^0.,  movements  were  found 
to  l)e  extremely  slow.    The  average  optimum  for  best  results  was  28°C. 

In  Convolvulus  sepium  two  distinct  types  of  stem  were  observed :  a  rap- 
Idly  circumnutatlng  one,  and  a  prostrate  one  showing  extremely  feeble 
movements. 

Following  are  shortest  periods  as  given  by  Darwin  and  as  obtained  by 
the  writers. 

DARWIN. 

Phaseolus  vulgaris.  May  8,  ih  55m 

Humulus  lupulus,  **  hot  weather,"  ih    8m 
Convolvulus  sepiuniy  ih  42m 

Lonicera  hrachypoda,  Apr.  3,  7h  30m 

Wistaria  sinensis,  May  16,  2h    5m  July  11,  2h 

In  all  the  above  results  obtained  by  the  writers  it  is  safe  to  assume  that 
the  temperature  was  on  the  average  12^C.  higher  than  that  worlced  In  by 
Darwin.  At  the  present  stage  of  our  Investigations  it  would  be  rash  to 
say  that  the  higher  temperature  Is  the  sole  or  even  main  determining  fac- 
tor. Light  intensity  and  hygrometric  conditions  of  the  atmosphere  have 
been  found  to  cooperate  also,  but  present  indications  are  that  tempera- 
ture is  a  very  Important  factor,  and  that  an  optimum  as  well  as  a  maxi- 
mum and  minimum  temperature  exists  for  each  species. 


WRTTBRS. 

f  April  6, 
(July  18, 

ih 
ih 

20m 

Feb.  9, 

ih 

5m 

March  25, 

57m 

f  April  5, 
\  August  15, 

2h 
Ih 

48m 
43m 

Gbnbkal  character  of  the  dunb  flora  of  southeastkrn  Virginia. 
By  Thos.  H.  Kkarney,  Jr. 


Vegetation  of  the  wooded,  fresh-water  swamps  Of  southeastern 
Virginia.    By  Thos.  H.  Kearney,  Jr.,  Washington,  D.  C. 

These  two  papers  are  preliminary  studies  towards  a  survey  of  the  eco- 
logical distribution  of  vegetation  In  the  coastal  plain  region  of  Virginia. 
The  dunes  and  the  large  wooded  swamps  are  selected,  because  in  these 
two  environments  life  conditions  are  most  extreme,  and  plants  are  most 
obviously  modified  with  relation  thereto. 

The  scheme  of  the  two  papers  is  the  same.  First,  topography,  soils, 
heat,  light  and  other  physical  conditions  are  described.    Then  follows  a 


Digitized  by 


Google 


432  SECTION  o. 

sketch  of  the  vegetation^  with  especial  reference  to  the  more  or  less 
sharply  defined  associations  into  which  it  is  grouped.  A  brief  synopsis 
of  the  life  conditions  prefaces  an  ennmeration  of  the  more  evident  adapt- 
ations by  which  the  plants  are  brought  into  harmony  with  these  condi  - 
tlons;  and  brief  descriptions  of  the  more  important  life  forms.  Finally, 
matters  of  general  interest,  not  properly  referable  to  any  of  the  pre- 
ceding subjects,  receive  brief  mention. 


On  thk  VALiDiTy  of  the  genera  Senna  and  Chamjscrista.    By  C.  L. 
Pollard,  Washington,  D.  C. 

This  is  a  record  of  further  observations  on  the  stmctnre  of  the  flower 
of  Cassia  chamoecrista,  on  the  floral  arrangement  of  which  Professor 
Green  commented  in  a  late  issue  of  Plttonia.  He  found  that  the  corolla 
exhibits  a  torsion  of  90^  to  the  left,  and  thereby  diflTers  materially  from 
that  of  Cassia  proper.  Other  characters  are  addnced  to  prove  the  dis- 
tinctness of  the  two  genera. 


Species  characters  among  the  violets.     By  Charles  Louis  Pol- 
lard, Washington,  D.  C. 


Notes  on  arctic  willows.    By  W.  W.  Rowijeb,  Ithaca>  N.  Y. 

The  arctic  willows  of  North  America  and  Greenland  present  several 
difficult  prol)lems.  In  most  collections  the  material  Is  meagpre  and  frag- 
mentary. Often  one  is  in  doubt  as  to  whether  a  staminate  and  pistillate 
belong  to  the  same  or  different  species.  Even  Andersson  with  the  best 
collection  in  the  world  in  his  hands  made  mistakes  of  this  kind.  Few  who 
are  particularly  interested  in  willows  have  had  the  opportunity  to  study 
the  plants  in  the  field.  The  Cornell  party  on  the  Peary  expedition  of  1896 
brought  back  an  exceptionally  good  collection  of  willows  and  the  spec- 
imens discussed  in  this  paper  are  from  this  collection.  Theglaucoid  and 
myrtilloid groups,  perhaps  the  most  difiicult  to  segregate  of  all,  have  sev- 
eral interesting  forms.  The  paper  attempts  to  characterize  the  forms  of 
S.  glauca  L.  and  8.  groenlandica. 

One  peculiar  feature  of  the  specimens  of  S.  gr<Bnlandica  is  the  appar- 
ent reversal  of  forms  that  would  be  expected  in  passing  from  south  to 
north  on  the  coast. 


Some  steps  in  the  ^ife-history  op  asters.    By  Edward  S.  Burgrss, 

New  York,  N.  Y. 

This  paper  presents  some  results  of  field-studies  of  aster  variations 
made  during  the  last  twelve  years.  Its  purpose  in  to  review  certain  known 
terms  in  the  ontogeny  of  asters  which  are  liable  to  misinterpretation. 


Digitized  by 


Google 


BOTANY.  458 

These  sources  of  confusion,  which  will  be  considered,  are  of  three  classes, 
first  of  which  is  the  number  of  leaf -forms  normally  developed  at  once  upon 
a  single  stem,  including  eight  principal  forms : 

(a)  Primordial  leaf,  usually  roundish  and  transient. 

(&)  Radical  leaves,  two  or  three  or  more,  often  progressively  different. 

{e)  Lower  cauline  leaves,  usually  the  most  characteristic. 

{d)  Middle  cauline  leaves,  usually  transitional  in  shape. 

(«)  Upper  cauline  leaves,  usually  much  smaller. 

(/)  Azile  leaves,  subtending  the  primary  axils. 

(g)  Rameal  leaVes,  on  the  primary  branches. 

(h)  Bractlets,  on  the  ultimate  branches. 

According  as  one  or  the  other  of  the  parts  of  this  leaf-series  is  more 
strongly  developed  or  is  suppressed,  the  plant  will  change  aspect  and  may 
be  mistaken  for  a  new  species. 

The  other  two  sources  of  conf  asion,  now  to  be  considered,  are  the  nor- 
mal and  the  accidental  or  less  usual  successive  terms  in  the  life-history  of 
the  species,  here  treated  both  together,  distinguished  by  number  and  letter, 
the  normal  or  usual  by  the  letter  N ;  the  accidental  or  less  usual  by  the 
letter  A. 

N*  Seedling  stage,  usually  with  two  small  radical  leaves. 

N'  Radical  tuft  stage,  often  conspicuous,  often  remaining  some  years 
before  developing  Into  N**. 

A*  Oval-topped  stage,  frequent  in  Biotian  asters,  the  normal,  cordate 
radical  tuft  becoming  topped  out  with  smaller,  thinner,  oval  or  other  non- 
cordate  leaves. 

A'  Plantain-leaf  stage,  an  occasional  extreme  development  from  the 
last,  the  non-cordate  leaves  becoming  the  predominant  ones  and  often  re- 
sembling Plantago  major  in  size  and  shape. 

N^  Cauline  stage,  normally  following  N*,  the  radical  tuft  sending  up  an 
erect  leafy  stem  which  bears  six  of  the  eight  leaf-forms  before  men- 
tioned. But  instead  of  taking  this  normal  course  of  development,  the 
plant  may  enter  upon  any  one  of  the  following  several  stages  which  I 
enumerate  as  accidental  or  less  usual : 

A'  Intercalary  stage,  when  one  or  more  little  leaves  are  intercalated 
into  the  series  with  much  larger  leaves  above  and  below. 

A^  4i*rested  stage,  when  the  gradually  diminishing  normal  series  of 
cauline  leaves  meets  sudden  arrest  from  which  it  never  recovers,  a  suc- 
cession of  little  leaves  now  continuing  into  the  inflorescence. 

A^  Sprout- form,  usually  with  leaves  somewhat  different  in  form  and  size 
from  the  type. 

A'  RamifoUal  or  branch-leaf  form,  when  after  suppression  of  the  main 
stem,  one  or  more  branches  rise  to  replace  it,  with  new  direction,  and  the 
leaves  larger  and  more  numerous,  but  the  leaf- form  assumed  remaining 
true  to  the  branch -leaf  type  for  that  particular  species. 

A^  Bifurcation,  either  In  leaf  or  stem,  arising  apparently  not  from  ac- 
cident but  as  a  sport. 

A.  A.  A.  S.  VOL.  XLVII  28 
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A^  Opposite-leaf  state,  due  to  suppression  of  internodes,  especially 
upon  abnormal  branches. 

A'  Verticil  form,  three  nodes  brought  together,  in  inflorescence  or 
rarely  in  the  leafy  stem. 

N^  Estivation,  the  budding  stage;  of  len  a  very  different  aspect  is  taken 
here  from  that  before  or  after. 

N^  Flowering  stage,  beginning  with  erect  terete  rays  which  are  soon 
tubular  by  involution,  and  in  anthesis  may  change  greatly  according  as  the 
following  progressions  become  developed  or  not : 

(a)  Pedicels  lengthen,  changing  sessile  buds  into  long-pedicelled 
flower-heads,  and  dense  bunches  into  loose  clusters. 

(b)  Cymose  development  may  prolong  the  outer  branches  to  overtop 
the  central  and  original  inflorescence. 

(c)  Rays  flatten  across,  becoming  flat  and  rounded. 

(d)  Rays  change  position  from  the  erect  to  the  horizontal  and  flnally  de- 
curved,  incurled  or  pendulous. 

(e)  Rays  change  color  with  age,  to  white,  greenish  or  brownish. 

(/)  Disks  change  color  early,  from  yellow  to  red,  reddish-brown  or 
brownish. 

(g)  Disks  change  form  from  flat  to  dome-shaped. 

{h)  Pappus  changes  color  by  yellowing,  darkening  or  reddening. 

A^^  Enfeebled  state,  after  close  cutting  down;  when  the  new  stems  ris- 
ing from  the  same  rootstocks  the  next  year  are  often  shorter,  weaker, 
scantier  and  paler  in  inflorescence  and  less  varied  in  leaf. 

N**  Resting  stage,  when  instead  of  the  preceding  or  after  it,  the  root- 
stock  develops  radical  leaves  only  for  a  series  of  years. 

N^  Surculus  stage,  a  lateral  offshoot  arising  from  the  preceding  root-' 
stock  rising  and  making  ready  to  enter  upon  the  radical-tuft  stage  N*  and 
renew  the  round  of  the  life-history. 

Speciflc  distinctions  are  hardly  to  be  found  in  the  constant  absence  or 
presence  of  any  less  usual  stages,  but  rather  in  the  relation  the  plant  bears 
to  them  when  they  are  found,  the  ease  with  which  they  are  induced  or 
thrown  off,  and  the  shapes  assumed  when  induced.  Some  species  habits 
ually  elide  one  or  more  terms  in  the  series,  some  acccelerate  them,  some 
prolong  or  accentuate  them.  An  exceptional  development  does  not  inval- 
idate a  speciflc  character,  as  its  possibility  is  latent  in  all. 


The  pleistocknb  and   plant  distribution  in  Iowa,  with  map.    By 
Thomas  H.  Macbridb,  Iowa  City,  la. 

An  attempt  to  show  that  many  peculiarities  in  plant-distribution  in 
Iowa  are  explainable  by  reference  to  the  recent  geological  history  otttie 
state. 
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Anothbr  sblf-rbqistbring  transpiration  apparatus.    By  Bdwin  BiKCh* 
HAM  CoPBLAND,  Monroe,  Wis. 

Dbsgription  of  a  very  simple  and  easily-operated  apparatus,  consist- 
ing of  a  wheel  over  wliicli  runs  a  string  carrying  the  plant  tested  on  one 
end,  an  aerometer  on  the  other ;  as  the  plant  loses  weight  the  connter- 
welght,  the  areometer,  sinks.  The  record  is  Icept  as  with  the  auxano- 
meter.    One  day's  record  presented  to  ilinstrate  working  of  machine.     ' 

[Paper  will  be  pablished  in  the  Botanical  Gazette.] 


Mbthods  of  studying  thb  sap  purssurb  of  thb  sugar  mapi^*    By  L. 
R.  JoNBS,  Burlington,  Vt. 

This  paper  described  the  substitution  of  a  self -registering  steam  pres- 
sure gauge  for  the  ordinary  mercurial  gauge  used  to  record  sap  pressure, 
and  gave  results  of  some  esperlments  made  therewith. 


NOTKS   ON   TBB   PHYSIOLOGY   OF   THB   SPOROPHYTB   OF   FuNARIA   A?4D    OF 

Mnium.    By  Prof.  Rodnby  H.  Trub,  Madison,  Wis. 

Thb  growth  rate  of  the  sporophyte  of  these  mosses  may  be  represented 
by  a  rather  flat  curve,  rising  somewhat  more  gradually  than  it  falls. 
Subsequent  to  the  breaking  loose  of  the  calyptra  from  the  gametophyte, 
growth  is  confined  to  the  distal  end  of  the  sporophyte  and  the  growing 
region,  about  2.0  mm.  long,  is  entirely  included  by  the  calyptra. 

The  calyptra,  much  developed  in  Funaria,  less  so  in  Mnium,  Is  a  pro-* 
tective  structure,  chiefiy  useful  in  preventing  desiccation.  In  Funaria  the 
celb  of  the  calyptra  are  living  and  contain  chlorophyll  grains.  They  are 
probably  self- supporting  until  the  calyptra  is  ruptured  and  falls  off. 

The  curvature  of  the  seta  in  these  species  results  as  a  response  to  the 
stimulus  of  gravitation.  In  the  earlier  stages  of  its  growth  the  seta  is 
not  sensitive  to  this  stimulus,  but  becomes  so  as  the  time  for  the  devel- 
opment of  the  capsule  approaches  and  by  use  of  the  mechanism  of  growth 
executes  the  curvature. 

The  direction  of  the  strongest  illumination  determines  the  radius  in 
which  the  capsule  shall  fall.  In  Mnlnm  the  capsule  falls  with  great  reg- 
ularity away  IVom  the  direction  of  the  strongest  light,  exposing  the  end 
bearing  the  stomata  to  the  light.  Occasionally  some  fall  towards  the 
light. 

Funaria  obeys  with  much  less  precision  and  regularity  the  same  rule. 
The  conduct  of  these  mosses  stands  In  ecological  relation  to  the  situations 
which  they  charapteristically  occupy. 
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T^B.BBBDS  i^ND  SEEDLINGS  OF  SOME  AMENTIFRR^.      By  W,  W.   ROWLKB 

and  Geo.  T.  Hastinoa,  Ithaca,  N.  Y.. 

S^UPiB^  of  the  writers  lead  to  Ijhe  following  conclasipns :  In  Jaglans 
ai^d  Uicoi^ia  th^  cotyledons  cprrespond  with  the  valves  of  ^e  nut  and 
are  deeply  two  loljed.  The  two  divisions  of  the  embryo  resembling  coty- 
ledons are  each  made  np  of  yalyes  of  the  cotyledons.  (2)  The  seeda  of 
Hicoria  germinate  without  frost  action ;  those  of  Jnglans  only  with  frost 
action.  (8)  The  tap-root  is  ve^  thick  In  yonng  seedlings,  and  very  long 
in  older  ones.  (4)  In  Castanea  and  Quercus  the  shell  is  split  by  a  swell- 
ing of  the  cotyledons  in  germination.  (5)  In  the  species  of  Qaercns 
stndied,  the  leaves  of  the  seedlings  were  much  alike,  and  not  deeply  cut 
or  lobed.  (6)  Fagus  is  the  only  one  in  which  the  hypocotyl  lengthens, 
or  the  cotyledons  become  aSriaL 


The  morphology  and  taxonomic  value  of  the  fruits  of  grasses. 
By  P.  Beveridoe  Kennedy,  Ithaca,  N.  Y. 

The  embryo  of  the  fruits  of  the  Graminese  stands  isolated  from  those 
of  other  monocotyledons  by  possessing  the  peculiar  structures  called  the 
eplblast  and  plumule  sheath. 

It  was  with  a  view  to  determine  the  constancy,  morphological  signifi- 
cance and  taxonomic  value  of  these  parts  that  led  to  the  following  results 
from  the  investigation  of  about  eighty  genera. 

The  tendency  appears  to  be  that  the  tribes  Maydese,  Andropogonese, 
Zoysieffi,  Tristegine»  are  without  epiblaais ;  while  the  Oryzeie,  Agrosti- 
de»,  Aveneae,  ChloridesB,  Phalaride®,  Festucese,  and  perhaps  the  Bam- 
busese  possess  eplblasts.  Peculiar  exceptions  to  this  occur,  however,  in 
some  tribes.  The  tribe  Hordes  appears  to  have  equally  as  many  with  as 
without  eplblasts. 

The  writer  is  led  to  believe  from  the  study  of  the  perfectly  developed 
eplblasts  found  in  Zizania,  Leersia  and  Oryza  that  the  eplblast  Is  a  second 
rudimentary  cotyledon  opposite  to  the  scutellum  (cotyledon;. 

The  plumule  sheath  Is  constant  In  all  embryos  and  from  a  study  or  the 
vascular  system,  together  with  Hanstein's  investigations  on  the  devel- 
opment of  the  embryo  of  Brachy podium,  the  writer  believes  that  it  is  a 
ligule-like  growth  belonging  to  the  scutellum  (cotyledon)  and  Is  homol- 
ogous with  the  ligule  of  the  fully  developed  grass  leaf. 

Unlike  Benthnm  and  Hackel  the  writer  is  inclined  to  believe  that  the 
Bambuse®   find  Oryzeie  together  represent  the  most  primitive  grasses. 

The  Oryzeae  resemble  the  Bambuseae  as  follows : 

1.  They  show  great  variation  in  the  structure  of  their  fruit  and 
s  pikelet. 

2.  They  possess  remarkably  large  eplblasts. 
8.    Some  have  the  same  number  of  lodicules. 
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4.  Pharas  has  a  style  with  three  stigmas 

5.  Many  of  the  genera  have  broad  petioUte  leaves  and  transitions 
between  these  to  linear  ones. 

6.  They  have  to  a  great  extent  the  same  geographical  distribution,  the 
larger  number  of  the  genera  being  Indigenous  to  tropical  America. 

The  tribes  Zoysiese,  Tristeglneas,  Andropogonese,  Maydece  and  Panl- 
ceaeboth  accordin*;  to  the  characters  of  the  fruit  and  those  of  the  in- 
florescence according  to  Hackel*s  classification,  form  another  natural 
group  joined  to  the  Oryzeee  through  Zoysieie  and  Tristeglneae. 

The  Chlorldeffi,  although  regarded  both  by  Hackel  and  Warming  as 
being  removed  some  distance  from  the  Andropogonese  have  been  found 
like  them  in  their  fruit  characters.  The  remaining  tribes  Phalaridese, 
Agrostidese,  Avenese,  Festuces  and  Hordeae  from  their  fruit  characters 
form  another  natural  group  in  the  order  named  which  coincides  with 
the  classification  given  by  Hackel. 


Thb  cartopsis  of  thk  GRAMiNBiE.    By  Prof.  L.  H.  Pammbl,  State  Agri- 
cultural College,  Ames,  Iowa. 
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The  WORK  performed  by  the  Agricultural  College  toward  a  bo- 
tanical survey  of  Michigan.  By  W.  J.  Bkal,  Agricultural  College, 
Mich. 


Studies  relative  to  the  perigynium  of  the  genus  Cakex.     By  Dr. 
K.  M.  WiKGAND,  Cornell  Univ.,  Ithaca,  N.  Y. 
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ADDRESS 

BY 

J.  McKEEX  CATTELL, 

VICE  PRESIDENT,    AND  CHAIRMAN   OF  8KCTION   H. 


THE  ADVANCE  OF  PSYCHOLOGY. 


Thb  American  Association  for  the  Advancement  of  Science, 
when  it  first  met  fifty  years  ago,  had  no  place  for  anthropology 
nor  for  psychology.  Science  has  its  origin  in  the  practical  needs 
of  society.  In  a  new  country  of  great  area  and  rich  resources 
the  energies  of  its  people  were  directed  to  invention  and  explora- 
tion. The  spirit  of  Franklin  led  to  the  development  of  railways, 
steamboats  and  telegraphy,  to  the  building  of  cities  and  the  search 
for  mines. 

But  not  only  in  America  and  in  the  case  of  the  anthropological 
sciences  have  fifty  years  brought  great  changes.  Science  has  become 
a  lending  factor  in  modern  life  by  the  rapidity  rather  than  by  the 
duration  of  its  growtii.  Our  own  revered  Dr.  Hall  might  have 
talked  with  Herschel,  who  could  almost  have  touched  the  hand  of 
Newton.  Newton  was  born  the  year  that  Galileo  died.  If  Coper- 
nicus had  lived  to  extreme  old  age  he  might  have  handed  the  De 
Orbium  Celestium  Revolutionibus  to  Galileo.  While  the  whole  his- 
tory of  science  is  tiius  nearly  spanned  by  five  lives,  modern  science 
is  scarcely  older  than  our  Association.  It  was  only  in  the  decade 
of  its  foundation  that  the  doctrine  of  the  conservation  of  energy 
was  announced,  while  the  Origin  of  Species  was  published  in  the 
year  of  our  eleventh  meeting.  If  the  physical  sciences,  as  we  now 
understand  them,  are  scarcely  more  than  fifty  years  old,  and  the 
biological  sciences  are  only  forty  years  old,  the  anthropological 
sciences  are  still  younger.  Perhaps  these  are  now  in  the  condition 
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of  the  physical  sciences  before  they  had  become  truly  exact,  of 
the  biological  sciences  before  they  had  become  truly  genetic. 

It  is  easy  to  prophesy  after  the  event,  and  from  our  present 
point  of  view  science  in  its  history  appears  to  have  followed  a 
necessary  course.  The  phenomena  of  the  physical  world  are 
stable  and  readily  subject  to  experiment  and  measurement ;  their 
control  is  essential  to  material  progress.  It  is,  therefore,  no  won- 
der that  the  physical  sciences  should  have  preceded  the  biological 
sciences  in  their  development.  Far  more  complex,  transient  and 
inaccessible  to  experiment  even  than  the  phenomena  of  living 
beings  are  men,  they  themselves  and  their  deeds  —  sciences  of 
these  things  must  come  late.  As  man  has  been  evolved  from 
simpler  forms  of  life,  and  these  were  preceded  by  a  lifeless  earth, 
so  the  sciences  dealing  with  man,  with  life  and  witii  matter  must 
be  based  one  upon  the  other.  The  history  of  science  is,  therefore, 
full  of  promise  for  the  student  of  anthropological  science.  We 
may  grant  the  past  to  others  and  claim  the  twentieth  century  for 
our  heritage.  Perhaps  our  Copernicus,  our  Newton,  our  Lavoisier, 
our  Darwin  is  one  of  the  younger  members  of  this  Section. 

It  may,  however,  be  that  the  subject-matter  of  the  anthropolog- 
ical sciences  is  such  that  they  will  proceed  without  catastrophe. 
The  form  of  the  earth  is  alteied  by  earthquakes  on  occasion,  but 
every  day  it  is  moMed  to  a  greater  degree  by  less  obtrusive  agen- 
cies. In  the  making  of  the  anthropological  sciences  by  the  collect^ 
ing  and  arranging  of  facts,  by  discovery  and  by  generalization  we 
have  every  reason  to  be  satisfied  with  the  part  taken  by  America 
and  by  this  Association.  In  many  sciences  we  must  at  once  yield 
the  leadership  to  older  nations.  In  the  youngest  of  the  sciences 
we  at  least  stand  on  terms  of  equal  service.  It  was  perhaps  by 
special  providence  that  last  year's  meeting  of  our  Association  was 
presided  over  by  an  anthropologist,  but  this  year  we  chose  to 
celebrate  our  fiftieth  anniversary  under  a  member  of  this  Section. 
That  this  Section  should  have  supplied  three  of  our  last  five  pre- 
siding oflicers  and  our  permanent  secretary  for  twenty-five  years  ; 
that  the  British  Association  should  have  come  to  America  to  es- 
tablish its  Section  of  Anthropology  and  on  its  second  visit  should 
have  chosen  an  anthropologist  for  its  president  —  these  things  we 
may  at  least  regard  as  an  omen  of  the  place  of  anthropology  in 
the  science  that  is  to  be  and  of  the  place  of  America  in  Anthro- 
pology. 
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While  anthropology,  largely  owing  to  the  richness  of  the  mate- 
rial at  hand  and  to  the  great  Bureau  of  American  Ethnology 
established  to  investigate  this  material,  has  come  to  such  fhiition 
in  America,  psychology  has  also  shown  great  vitality.  Unlike 
anthropology,  psychology  is  distinctly  a  university  discipline.  For 
reasons  chiefly  theological,  ethical  and  educational,  mental  and 
moral  philosophy  had  been  taught  from  the  foundation  of  our  col- 
leges by  the  president  of  each  institution  to  all  students.  It  hap- 
pened that  at  the  same  time  that  psychology  had  developed  into  a 
science,  the  college  president  became  an  executive  oflBcer,  no  longer 
chosen  as  a  matter  of  course  from  the  clergy,  having  neither  time 
nor  training  for  the  teaching  of  mental  science.  There  was  thus 
an  empty  place  which  the  modem  psychologist  was  prepared  to 
fill.  Further,  the  rapid  development  of  the  college  into  the  uni- 
versity with  elective  courses  permitted  psychology  to  compete  on 
equal  terms  with  the  older  sciences,  and  the  result  has  been  its 
secure  establishment  in  the  university.  Indeed,  psychology  touch- 
ing with  one  hand  philosophy,  the  humanities  and  the  historical 
and  political  sciences,  while  with  the  other  hand  it  reaches  toward 
the  natural  and  exact  sciences,  bids  fair  to  become  central.  Thus, 
at  Harvard,  Professor  Mtinsterberg's  elective  course  in  empirical 
psychology  was  this  year  followed  by  three  hundred  and  sixty-five 
students.  At  Yale  Dr.  Scripture's  course  in  physiological  and 
experimental  psychology  was  elected  by  one  hundred  and  thirty- 
eight  students.  There  were  last  year  given  by  American  univer- 
sities eighteen  doctorates  with  psychology  as  the  major  subject  — 
more  than  in  any  science  except  chemistry ;  six  times  as  many  as 
in  astronomy,  and  nine  times  as  many  as  in  anthropology. 

Psychology,  though  its  recent  development  has  been  so  rapid, 
is  not  a  new  science ;  it  should  rather  be  regarded  as  one  of  the 
oldest  of  the  sciences.  Under  the  great  dynasty  of  philosophers — 
founded  in  Greece,  not  extinct  even  during  the  Dark  Ages,  re- 
established after  the  Renaissance  —  all  the  sciences  were  devel- 
oped. From  Aristotle  to  Kant  the  history  of  philosophy  is  in  large 
measure  the  history  of  science.  But  as  the  domain  of  knowledge 
became  too  great  ruled  by  a  single  mind  it  must  needs  be  divided 
into  the  principalities  that  we  call  the  sciences.  From  the  begin- 
ning psychology  has  been  the  favored  nursling  of  philosophy  and, 
as  the  other  sciences  were  taken  from  it,  all  the  more  did  it 
cherish  that  which  was  left.     In  Great  Britain,  Locke,  Berkeley 
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and  Hume  and  their  English  and  Scottish  successors  to  the  present 
time  have  been  at  once  students  of  philosophy  and  of  psychology. 
The  same  may  be  said  of  Herbart,  Lotze,  Wundt  and  many  more 
in  Germany  and  in  France.  In  our  own  country  to-day  we  find 
many  of  our  leaders — James,  Ladd,  Royce,  Dewey,  Fullerton  and 
others — professing  equally  philosophy  and  psychology. 

Psychology,  under  the  guidance  of  philosophy,  became  at  times 
somewhat  schematic  and  unreal,  though  never  I  think  unfruitful  or 
regressive.  It  needed,  however,  to  be  cross-fertilized  with  the 
natural  sciences.  These  sciences,  in  their  development,  could  not 
ignore  the  senses  and  the  mind.  Perceptions  are  parts  of  a  physi- 
cal system,  but  they  are  also  parts  of  an  individual  consciousness. 
Newton  not  only  analyzed  light,  but  also  named  seven  coloi-s; 
Dalton  found  that  he  was  blind  to  certain  of  them;  Young  in- 
vented a  theory  to  account  for  their  combinations ;  von  Helmholtz 
reviewed  the  phenomena  in  one  of  the  greatest  of  books.  Physi- 
ology on  its  side  could  not  study  the  senses  and  brain  while  ignor- 
ing the  functions  that  they  subserve,  and  it  was  found  that  the 
methods  of  natural  science  could  be  applied  in  psychology.  The  zo- 
ologist could  not  neglect  the  mental  life  of  animals  and  the  place 
of  consciousness  in  evolution.  Darwin  wrote  not  only  The  Origin 
of  Species,  but  also  the  Descent  of  Man  and  Tlie  Expression  of  the 
Emotions^  and  was  the  first  to  study  the  development  of  the  child's 
mind. 

The  subject-matter  having  been  supplied  by  philosophy  and  the 
methods  by  natural  science,  the  way  was  made  ready  for  the  estab- 
lishment of  a  science  of  psychology.  This  we  owe  largely  to  the 
intellectual  patience  of  Germany,  tired  at  last  of  the  Hegelian 
metaphysics.  Lotze  published  his  Medizinische  Psychologie  in 
1852  ;  Fechner  his  Elemente  der  Psychophysik  in  1860 ;  Wundt  his 
Menschen  und  Thierseele  in  1863,  and  his  Physiologische  Psychol- 
ogie in  1874.  Lotze  and  Wundt  were  doctors  of  medicine ;  Fechner 
was  a  professor  of  physics;  they  were  all  deeply  intei'ested  in 
philosophy.  Psychology,  as  pursued  to-day,  is  deeply  indebted 
to  these  three,  perhaps  chiefiy  to  Wundt,  who,  continuing  his 
services,  founded  in  1879  the  first  laboratory  of  psychology,  and 
established  in  1883  a  journal  for  the  publication  of  its  investi- 
gations. Following  and  leading  this  psychological  movement  we 
find  in  Germany  men  such  as  Stumpf,  Lipps,  Ziehen,  Miiller, 
Ebbinghaus  and  many  more.    One  of  them  —  Munsterberg  —  has 
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come  to  us,  while  H6ffding,  of  Denmark,  may  be  included  in  the 
same  group.  Physiologists,  such  as  Hering,  Aubert,  Preyer, 
Fleohsig,  Exner  and  von  Kries,  and  physicists,  such  as  von  Helm- 
holtz,  Mach  and  Konig,  may  reasonably  be  claimed,  in  part  at 
least,  for  psycholojry. 

In  France  a  philosopher,  as  Cousin,  or  a  man  of  lettei*s,  as 
Taine,  may  have  accomplished  somewhat,  but  modern  writers  and 
workers,  as  Ribpt  and  Binet,  have  been  largely  influenced  by  Ger- 
many. France  has,  however,  made  two  independent  contributions 
of  importance,  though  in  both  cases  chaff  has  been  mixed  with  the 
grain.  These  are,  on  the  one  hand,  abnormal  and  pathological 
psychology  and,  on  the  other  hand,  individual  and  social  psychol- 
ogy. In  Italy  the  names  of  Lombroso  and  Mosso  remind  us  of 
work  in  criminology  and  in  physiology  that  has  become  important 
for  psychology,  as  is  also  the  case  with  the  histological  work 
of  the  Spaniard,  RAmon  y  Cajal.  In  Russia  performance  waits  on 
promise. 

Great  Britain  has  developed  a  modern  psychology  without  break- 
ing with  its  traditions.  It  has  always  been  a  land  of  great  individ- 
uals, and  Locke,  Berkeley  and  Hume  have  found  worthy  successors 
in  Bain,  Ward  and  Stout,  to  mention  only  three  living  psycholo- 
gists belonging  to  three  different  generations.  Darwin ,  Huxley  and 
Spencer,  while  establishing  the  theory  of  evolution,  gave  mind  its 
due  place,  Spencer  having  concerned  himself  especially  with  men- 
tal and  social  evolution.  Romanes  and  Lloyd  Morgan  have  direct- 
ed attention  to  the  study  of  animal  intelligence,  while  Galton's 
contributions  to  anthropometry  and  heredity  have  exhibited  great 
originality.  Experimental  psychology  has  not  made  much  headway 
in  Great  Britain.  They  have  let  us  take  from  them  Titchener ;  so 
he  must  count  for  America.  The  first  laboratory,  at  Cambridge, 
was  founded  by  me  and  maintains  a  humble  existence.  Within  a 
year  a  laboratory  has  been  founded  at  University  College,  London, 
and  Oxford  has  at  least  awakened  to  the  existence  of  experimental 
psychology,  to  the  extent  of  decreeing  this  summer  that  it  shall 
not  be  taught  under  a  newly  established  lectureship  of  mental  phil- 
osophy. 

This  American  Association  is  naturally  most  concerned  with  what 
has  been  accomplished  for  psychology  in  America.  The  history  of 
psychology  here  prior  to  1880  could  be  set  forth  as  briefly  as  the 
alleged  chapter  on  snakes,  in  a  natural  history  of  Iceland — '*There 
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are  no  snakes  in  Iceland."  The  eminence  of  the  theologian  Jona- 
than Edwards  is  witness  of  the  lack  of  any  psychologist.  We  had 
only  text-books  by  college  presidents  setting  forth  Scottish  realism. 
Porter,  of  Yale,  gave  us  the  best  of  these  books,  but  McCosh,  of 
Princeton  performed  a  greater  service  by  placing  the  aegis  of  the- 
ological conservatism  over  both  organic  evolution  and  experimental 
psychology. 

But  the  land  lay  fallow  and  twenty  years  ago  the  seed  was  sown. 
James,  at  Harvard,  began  the  publication  of  a  series  of  striking  ar- 
ticles, culminating  in  the  issue,  in  1890,  of  The  Principles  of  Psy^ 
chology^  a  work  of  genius  such  as  is  rare  in  any  science  or  in  any 
country.  Hall,  in  1883,  established  in  the  Johns  Hopkins  Univer- 
sity, the  first  American  laboratory  of  psychology — the  second  in  the 
world' — since  transferred  to  Clark  University.  The  American  Jour- 
nal of  Psychology^  founded  by  him  in  1887,  shows  the  value  of  the 
work  accomplished  at  Johns  Hopkins  and  Clark,  while  the  Peda- 
gogical Seminar  bears  witness  to  his  influence  in  stimulatmg  inter- 
est in  the  child's  development.  Ladd  published,  in  1887,  h\3  Ele- 
ments of  Physiological  Psychology y  a  work  that  has  exerted  great 
influence  here  and  abroad.  It  has  been  followed  by  n  series  of  trea- 
tises on  psychology  that  have  never  been  equalled  in  range  and 
thoroughness. 

Under  James,  Hall  and  Ladd  and  in  Germany  there  was  then 
trained  a  second  generation  of  psychologists,  and  we  ourselves  now 
have  our  students,  a  third  generation.  The  second  American  lab- 
oratory was  under  my  direction  at  the  University  of  Pennsylvania. 
The  fiist  chair  in  psychology  was  there  established  and  courses  in 
laboratory  work  were  there  first  given.  This  was  only  ten  yeai*s  ago. 
The  work  at  Pennsylvania  is  continued  under  Witmer,  while  at  Co- 
lumbia we  have  since  1890  a  laboratory  and  a  range  of  courses  in 
experimental,  physiological  and  analytic  psychology  which  may  bear 
comparison  with  those  of  the  other  sciences.  Baldwin  carried  mod- 
ern psychology,  himself  enlarging  it  as  he  went,  from  Princeton  to 
Lake  Forest  and  thence  to  Toronto,  and  back  to  Princeton.  The 
laboratory  established  by  him  at  Toronto  is  continued  under  Kirsch- 
mann,  while  at  Princeton  he  has  founded  an  eflflcient  laboratory,  and 
by  his  work  on  genetic  psychology  has  brought  our  science  into  fruit- 

1  It  would  be  more  correct  to  regard  the  laboratory  established  about  the  year  1875 
by  James  In  the  Scleutiflc  School  of  Harvard  Univereity  as  the  world's  ilrst  psycho- 
logical laboratory.    It  was,  however,  uomlnally  under  physiological  auspices. 
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fal  relations  with  zoology  and  sociology.  Jastrow,  at  Wisconsin, 
stands  forward  as  a  leader  in  experimental  psychology,  having  ac- 
complished much  for  the  advancement  of  the  science  and  the  diffu- 
sion of  its  results.  In  the  latter  connection  may  be  mentioned  the 
psychological  laboratory  under  his  direction  at  the  Columbian  Ex- 
position and  the  fact  that  almost  alone  he  has  represented  psychol- 
ogy in  this  Association. 

The  great  services  for  psychology  of  James  at  Harvard,  Hall  at 
Clark  and  Ladd  at  Yale  were  not  confined  to  their  own  publications, 
but  were  also  directed  towards  building  up  strong  departments. 
Harvard,  with  James,  Miinsterberg,  Royce,  Santayana,  MacDougal 
and  other  men  in  closely  related  departments,  surpasses  every  other 
university  in  the  world  in  its  opportunity  for  psychological  study 
and  research,  and  there  is  quite  as  much  reason  for  German  stu- 
dents to  come  to  Harvard  as  for  our  students  to  go  to  Germany. 
Clark  University,  where  Sanford  has  charge  of  the  laboratory,  may 
almost  he  said  to  be  a  university  for  the  advancement  of  psychol- 
ogy. The  laboratory  at  Yale,  under  Scripture,  has  shown  great 
activity  and  is  able  to  publish  annually  a  volume  of  researches. 
Cornell,  under  a  president  who  is  a  student  of  philosophy  and  psy- 
chology, robbed  Great  Britain  of  its  best  experimental  psycholo- 
gist, and  under  Titchener  the  laboratory  stands  quite  to  the  front, 
while  the  courses  in  philosophy  and  psychology  are  especially  well 
developed.  Chicago  early  recognized  the  importance  of  psychol- 
ogy. Securing  Dewey  and  Mead  from  Michigan  and  Angell  for 
experimental  work  from  Minnesota,  in  psychology,  as  in  other  de- 
partment43,  its  development  has  been  marvellous.  Michigan  and 
Minnesota  have  found  other  men  to  continue  the  work,  while  Stan- 
ford, California,  Indiana,  Iowa,  Illinois  and  all  the  great  State 
universities  have  established  laboratories  and  given  an  adequate 
place  to  psychological  courses. 

It  would  be  possible  for  me  to  give  other  objective  proofs  of  the 
progress  of  psychology — the  establishment,  in  1894,  of  a  second 
journal,  TJie  Psychological  /^eviei^,  which  during  the  first  six  months 
of  the  present  year  has  published  some  900  pages,  all  we  hope 
{Contributing  to  the  advancement  of  psychology;  the  prominent 
place  given  to  psycholc^y  in  our  journals  of  education,  philosophy, 
general  science  and  popular  literature;  the  widespread  amateur 
interest  in  child- study  and  psychical  research ;  our  Psychological 
Association,  with  a  membership  of  102,  all  engaged  in  advancing 
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psychology  —  these  and  other  witnesses  for  psychology  might  be 
called  upon  to  testify,  but  the  development  of  psychology  in  the 
university  has  seemed  to  me  best  deserving  of  extended  comment. 
Until  the  State  shall  learn  to  care  for  those  who  do  the  most  for 
it,  until  those  who  are  engaged  in  advancing  knowledge  shall  work 
for  th^  State  and  be  supported  by  the  State,  our  universities  will  be 
the  centers  for  research,  and  the  position  of  a  science  in  the  uni- 
versity will  measure  its  opportunity  and  fruitfulness.  Very  signifi- 
cant for  psychology,  therefore,  is  its  progress  in  the  universities 
of  America  during  the  past  twenty  years. 

My  remarks  have  been  confined  to  the  externals  of  psychology. 
Its  inner  history,  its  present  content,  its  future  outlook  are  not 
subjects  that  can  be  readily  brought  up  and  dismissed  in  a  few 
words.  Psychology  is  the  most  complex  of  the  sciences.  I  do 
not  at  all  claim  that  it  is  the  most  important  of  the  sciences.  The 
human  race  got  on  without  it  very  well  and  could  doubtless  con- 
tinue to  do  so.  Its  practical  applications  do  not  compare  in  im- 
portance with  those  of  many  of  the  sciences ;  it  is  in  a  way  lack- 
ing in  great  discoveries  and  universal  laws.  But,  compared  with 
psychology,  a  science  such  as  astronomy  may  almost  be  regarded 
as  naive.  The  entire  known  performance  of  the  solar  system  and 
of  the  feed  stars  since  the  time  of  the  Chaldeans  is  less  compli- 
cated than  the  play  of  a  child  in  its  nursery  for  a  single  day.  The 
stars  are  so  far  away,  the  telescopes  are  so  big,  eclipse  expeditions 
proceed  to  such  remote  quarters  of  the  earth,  that  the  simplest 
items  of  information  take  on  a  dramatic  interest.  Atoms  and 
molecules  are  so  invisible,  the  ether  is  so  intangible,  we  know 
after  all  so  little  about  tliem,  that  it  is  easy  to  invent  hypotheses 
that  do  not  contradict  our  ignorance.  The  generalizations  of  physi- 
cal science  are,  indeed,  the  greatest  achievements  of  the  human 
intellect ;  but  the  intellect,  by  which  and  for  which  these  general- 
izations have  been  created,  when  itself  made  the  subject-matter  of 
a  science,  is  complex  beyond  those  sciences  which  are  its  offspring. 

Psychology  does  not,  of  course,  claim  as  its  subject-matter  all 
''  that  is  in  heaven  above,  or  that  is  in  the  earth  beneath,  or  that 
is  in  the  watera  beneath  the  earth."  The  physical  and  natural 
sciences,  language,  literature  and  the  fine  arts,  industries  and  in- 
stitutions have,  it  is  true,  their  origin  and  end  in  the  mind,  but  this 
does  not  turn  them  into  departments  of  psychology.  The  physi- 
cist no  more  needs  to  concern  himself  with  the  mental  processes 
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leading  to  his  discovery  than  does  the  hen  with  the  processes  pre- 
ceding the  laying  of  its  egg.  The  kind  of  novel  called  psychology 
ical  is  by  no  means  a  product  of  science.  The  enjoyment  of  art 
decreases  as  we  analyze  its  products.  Scientific  prevision  and 
guidance  have  scarcely  more  to  do  with  the  rise  and  decline  of  in- 
stitutions than  with  the  rise  and  decline  of  the  sun  in  the  firma- 
ment. 

Still  I  do  claim  that  there  is  no  department  of  knowledge  or  ac- 
tivity which  does  not  have  an  aspect  that  concerns  psychology, 
and  while  hitherto  it  is  psychology  which  has  learned  from  sciences 
preceding  it  in  their  development,  the  time  will  come,  and  perhaps 
has  now  come,  when  every  science  must  take  into  account  the  facts 
and  theories  of  psychology.  The  increase  of  knowledge  which 
has  caused  the  creation  of  the  separate  sciences  is  now  leading  to 
further  specialization,  but  not  in  the  sense  of  one  science  more 
completely  ignoring  the  others.  Rather  we  have  at  present  well 
established  sciences,  such  as  astrophysics,  physical  chemistry, 
biology  and  others,  which  take  their  subject-matter  from  two  or 
more  of  the  older  sciences.  It  is  probable  that  students  in  in- 
creasing numbers  will  take  up  the  inter-relations  of  psychology 
with  other  sciences.  Indeed,  this  tendency  is  already  well  marked. 
Mathematics  is  necessary  as  a  tool  for  psychology,  while  con- 
versely several  books  have  recently  been  published  concerned  with 
the  psychological  presuppositions  of  mathematics.  The  funda- 
mental concepts  of  mechanics  have  been  treated  as  mental  prod- 
ucts by  Mach,  Pearson  and  others.  At  the  present  moment  the 
Vice-President  is  giving  before  the  Section  of  Pliysics  an  address 
on  the  perception  of  light  and  color,  while  the  same  subject  was 
chosen  by  Sir  George  Stokes  last  month  for  the  subject  of  his 
presidential  address  before  the  Victoria  Institute.  Physics  is,  how- 
ever, leaving  to  psychology  vision,  hearing,  etc.,  though  in  the 
meantime  new  departments,  destined  perhaps  to  become  new 
sciences — represented  by  the  great  works  of  von  Helmholtz,  Phys- 
iologische  Optik  and  Tonempfindungen —  are  being  created,  which 
draw  their  materials  in  equal  measure  from  physics,  from  physi- 
ology and  from  psychology.  Errors  of  observation,  the  peraonal 
equation,  the  relation  between  mental  and  physical  intensity,  are 
subjects  where  the  investigations  of  the  psychological  laboratory 
must  be  applied  in  astronomy  and  the  other  physical  sciences. 
Chemistry,  geology  and  botany  perhaps  stand  most  remote  from 
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psychology.  Still,  if  physiology  is  in  large  measure  the  chemistry 
of  living  tissues,  chemistry  may  be  brought  into  intimate  relations 
with  psychology.  Geology  and  anthro[)ology  are  closely  related, 
while  physical  geography  is  especially  concerned  with  the  relations 
of  man  to  the  earth.  Many  of  the  problems  of  evolution,  so 
essential  for  psychology,  are  best  studied  in  plants,  and  the  appli- 
cations of  botany  in  agriculture,  etc.,  are  determining  factors  in 
the  evolution  of  man. 

Physiological  psychology  is  already  accepted  as  a  distinct  dis- 
cipline, while  zoology  and  psychology  are  equally  intertwined.  It 
is  impossible  to  separate  physical  and  mental  evolution  —  witness 
the  writings  of  Darwin,  Spencer,  Huxley,  Romanes,  Cope,  Morgan, 
Baldwin  and  many  more.  Under  the  classification  of  this  Associ- 
ation, anthropology  and  psychology  are  included  in  one  section. 
Several  of  our  leading  members  would  make  psychology  a  branch 
of  anthropology,  while  psychology  regards  ethnology  and  archae- 
ology, on  the  one  hand,  and  somatology,  on  the  other,  as  contrib- 
uting much  to  its  subject-matter.  Sociologists  find  it  somewhat 
diflScult  to  disentangle  their  field  from  that  of  psychology. 

If  we  turn  to  the  departments  of  knowledge  not  represented  in 
this  Association  —  the  humanities. —  we  find  psychology  to  be  a 
connecting  link  between  them  and  the  physical  and  natural  sci- 
ences. If  we  regard  the  professions  —  medicine,  law,  theology, 
teaching,  journalism  —  we  find  that  their  products  when  systema- 
tized into  sciences  give  to  psychology  and  take  from  it.  Literature 
and  the  tine  arts,  both  in  their  origin  and  in  their  end,  may  be 
studied  as  departments  of  psychology,  though  it  does  not  appear 
that  psychology  has  as  yet  been  of  great  service  to  them. 

I  may  illustrate  the  interdependence  of  psychology  and  other 
sciences  by  a  definite  example.  Much  is  being  written  just  now 
regarding  the  relation  of  consciousness  to  the  brain.  The  ques- 
tion is:  Do  perceptions,  thoughts,  feelings,  volitions,  stand  in 
causal  interaction  with  the  brain,  or  are  they  an  epiphenomenon, 
acompanying  changes  in  the  brain  but  not  influencing  them?  Are 
our  ordinary  actions  complex  reflexes  due  to  physical  stimuli  and 
the  structure  of  the  nervous  system,  or  are  the  changes  in  the 
brain  that  precede  movements  initiated  and  directed  by  conscious- 
ness? The  question  is  one  of  facts  that  should  be  settled  by  sci- 
entific methods;  and  the  solution  will  by  no  means  concern  psy- 
chology alone.    The  two  greatest  scientific  generalizations  of  the 
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present  centary  are  the  coDservation  of  energy  and  evolution 
by  sarvival  of  the  fit.  Now,  if  consciousness  alters,  however 
slightly,  the  position  of  molecules  in  the  brain  the  fundamental 
concept  of  physical  science  must  be  abandoned.  If  consciousness 
have  no  concern  in  the  actions  of  the  individual  we  have  one  of  the 
most  complex  results  of  evolution  developed  apart  from  the  sur- 
vival of  useful  variations,  and  the  Darwinian  theory  has  failed. 
Surely  both  the  physicist  and  the  biologist  must  watch  the  steps 
toward  the  solution  of  a  problem  thai  concerns  them  so  nearly. 

The  world  is  one  world ;  every  part  of  it  is  in  relation  to  every 
other  part,  and  each  part  consists  in  these  relations.  As  a  hand 
cut  off  from  the  rest  of  the  body  is  no  longer  a  hand,  as  a  man 
apart  from  other  men  is  no  longer  a  man,  so  each  science  and  each 
scientific  fact  and  law  has  its  value  and  even  its  existence  in  its 
relation  to  the  totality  of  knowledge  and  of  life.  Psychology  has 
become  an  integral  part  of  modern  science  ;  it  gives  and  takes  with 
a  free  hand.  A  parvenu  among  the  sciences,  it  is  self-conscious 
and  knows  its  obligations  and  its  limitations ;  but  its  position  in 
the  body  scientific  is  henceforth  secure. 

I  have  said  that  psychology  is  in  a  way  lacking  in  great  discov- 
eries and  universal  laws.  If  I  were  addressing  an  audience  of  psy- 
chologists it  might  be  desirable  to  consider  whether  this  is  due  to 
the  subject-matter  or  only  to  the  immaturity  of  our  science.  Un- 
der present  circumstances  it  is  perhaps  better  in  part  to  question 
my  own  statement.  Columbus  discovered  a  new  world ;  Coperni- 
cus discovered  innumerable  worlds ;  but  Descartes  discovered,  or 
at  all  events  invented,  the  soul.  Which  after  all  was  the  greatest 
scientific  advance?  Columbus  did  not  foresee  four  hundred  years 
of  history,  the  present  unequal  conflict  of  a  powerful  nation  with 
a  declining  civilization.  Descartes'  ideas  of  the  relation  of  mind 
and  body  are  not  ours.  But  is  not  the  very  sub ject-matter  of  psy- 
chology one  of  the  greatest  discoveries  of  modern  science  ?  To 
unite  strict  idealism  with  strict  materialism ;  to  give  consciousness 
its  central  place  in  the  universe  and  yet  to  show  that  each  change 
in  consciousness  is  correlated  with  a  change  in  the  nervous  system — 
this  I  claim  to  be  a  scientific  generalization  comparable  to  that  of 
the  conservation  of  energy  or  of  organic  evolution. 

Minor  but  clear-cut  discoveries  in  psychology  have  not  been 
lacking  —  witness  color  blindness,  individual  types  of  mental  im- 
agery, the  dependence  of  emotion  on  reflex  bodily  movements,  hyp- 
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Dotism,  etc.  Neither  are  quantitative  formul.is  denoting  relations 
among  mental  states  or  between  mental  and  physical  change  lack- 
ing. Recent  researches  on  subjects  such  as  the  perception  of  space, 
illusions  of  sense,  color- vision,  the  time  of  mental  processes,  mem- 
ory, fatigue  and  many  more  represent  scientific  advances  as  defi- 
nite, interesting  and  important  as  those  of  physics  or'of  zoology. 
Psychology  has  been  able  to  adopt  the  quantitative  methods  of 
exact  science  and  the  genetic  methods  of  natural  science,  while  its 
older  methods  of  description  and  analysis  witness  an  insight  and 
acuteness  unrivalled  by  any  other  science. 

I  have  said  that  the  practical  applications  of  psychology  do  not 
compare  in  importance  with  those  of  many  of  the  other  sciences. 
Here  again,  while  a  society  of  psychologists  might  properly  dis- 
cuss the  causes  of  this  limitation,  in  an  address  confined  to  gen- 
eralities, it  may  be  more  profitable  to  point  out  that  daily  life 
consists  in  the  application  of  such  psychological  knowledge  as  is  at 
hand.  How  could  Bismarck  and  Gladstone  direct  contemporary 
history  except  by  superior  insight  into  the  way  men  act  and  the 
methods  of  influencing  their  actions?  What  have  Wagner  and 
Browning  done  except  excite  interest  and  emotion?  The  conduct 
of  every  profession  and  of  every  business  is  chiefly  based  on  the 
adjustment  of  thoughts,  feelings  and  actions.  Systems  of  govern- 
ment and  education  are  simply  methods  for  controlhng  and  direct- 
ing the  human  mind.  Now,  of  course,  all  this  is  done  by  the  rule 
of  thumb  entirely  uninfluenced  by  psychology  as  a  science.  The 
savage  who  kills  a  bird  with  a  stone  is  not  thereby  shown  to  be  a 
zoologist  and  a  physicist.  Still  he  does  have  a  kind  of  knowledge 
of  the  habits  of  animals  and  of  the  laws  of  projectiles,  whence 
have  developed  the  sciences,  which  in  the  course  of  time  have 
turned  back  to  daily  life  those  applications  of  science  in  which 
modern  civilization  consists.  Whether  the  history  of  the  material 
sciences  will  be  repeated  in  the.case  of  the  mental  and  social  sci- 
ences it  is  not  possible  to  say  or  to  gainsay.  There  are  at  present 
indications  of  the  application  of  psychology  in  the  treatment  of 
diseases,  in  education  and  in  other  directions.  Evolution,  careless 
of  the  individual,  has  proceeded  with  boundless  waste ;  certainly 
we  are  now  interfering  with  its  course  for  our  benefit.  It  may  be 
that  some  day  the  applications  of  material  science  will  be  subordi- 
nate to  those  of  psychology. 

These  things  lie  on  the  knees  of  the  gods.    What  the  future  will 
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bring  we  do  not  know,  but  the  past  is  ours.  When  we  regard  the 
fifty  years  of  this  Association  or  the  century  now  ending,  we  can- 
not fail  to  see  that  it  has  been  an  era  of  science.  German  music, 
English  poetry,  the  modern  novel  —  these  are  great  achievements, 
but  scarcely  comparable  to  the  forward  movement  in  science.  The 
older  sciences  have  been  reformed  and  new  departments  have  been 
established.  But  amid  all  this  scientific  progress  nothing  has 
been  more  notable  —  at  least  from  my  own  partial  point  of  view — 
than  the  development  of  psychology  into  a  science  rivalling  in  ac- 
tivity and  fruitfulness  the  other  great  sciences. 
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[abstracts.] 

Typological  analysis.    By  Daniel  G.  Brinton,  M.D  ,  Media,  Pa. 

The  profitable  study  of  museum  specimens  rests  upon  the  correct  method 
of  analyzing  the  types  presented.  Some  have  claimed  that  they  should 
be  studied  as  species  and  genera,  after  the  manner  of  botanical  or  zo5- 
logical  examples.  Others  prefer  to  arrange  them  in  •*  developmental"  se- 
ries, illustrating  by  them  the  supposed  laws  of  evolution.  While  not  fun- 
damentally erroneous,  these  natural-historical  methods  tend  to  obscure 
the  chief  purpose  of  such  specimens,  which  is  the  illustration  of  human, 
collective  psychic  processes  and  Ideas.  "  Developmental"  series  are  rarely 
accurate,  as  they  are  made  up  usually  from  several  culture  centres.  Psy- 
chical is  not  identical  with  morphological  development.  Examples  may 
be  drawn  from  the  products  of  the  useful  and  the  fine  arts. 


Pap  AGO  medicine.    By  W  J  McGee,  Museum  of  American  Ethnology, 
Washington,  D.  C. 


The  Smfth  Sound  Eskimos;  their  relations  to  other  Eskimo  tribes. 
By  A.  L.  Krokber,  Columbia  University,  New  York,  N.  Y. 

The  location,  and  consequent  apparently  absolute  Isolation,  of  the  Smith 
Sound  Eskimo,  render  their  relationships  of  Interest.  The  possible  affini- 
ties are :  (1)  With  the  Central  Eskimo  of  Baffin  Land,  etc. ;  (2)  with  the 
Greenlanders;  (8)  with  the  separate  tribe  of  East  Greenlanders. 

Language.  The  language  of  the  Smith  Sound  tribes  is  almost  pure 
Greenlandlsh,  with  two  modifications. 

1.  Phonetic,  agreeing  with  the  dialect  of  the  Central  Eskimo. 

2.  In  the  verb-lnfiectlon,  agreeing  with  Mackenzie  River  and  Alaskan 

dialects. 

Shaman  Language,    Seems  to  resemble  that  of  Greenland  most  nearly. 

Tales  and  Mythology.    Intermediate  between  those  of  Greenland  and 

the  central  regions.    There  Is  on  the  whole,  perhaps,  a  closer  resemblance 

between  Greenland  and  Smith  Sound  versions  of  the  same  tale  than  be- 
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tween  the  Central  and  Smith  Soand  versions,  bat  the  latter  two  have  sev- 
eral tales  or  beliefs  in  common  not  f onnd  in  Greenland. 

History.  Their  history  is  an  absolute  blank  until  their  discovery  by 
the  European.  Subsequent  intercourse  with  one  family  of  Central  Eski- 
mo, however,  has  restored  to  them  the  kayak  and  the  bow,  the  use  of  both 
of  which  had  become  lost  to  them. 

Citstoms  and  Social  Life,    Give  little  clew  as  to  their  affinities. 

Summary.  Everything  seems  to  show  that  the  Smith  Sound  Eskimo 
are  intermediary  between  those  of  Greenland  and  the  Central  Regions. 
They  are  not  to  be  regarded  as  a  side-branch  of  the  Central  Eskimo,  nor 
have  they  close  affinities  with  the  East  Greenlanders.  The  chain  of  eth- 
nic relationship  is :  1.  Central  Eskimo ;  2.  Smith  Sound  tribe ;  3.  Green- 
landers  ;  4.  East  Greenlanders. 


Burial  customs  of  the  ancient  Zapotecans  of  southern  Mkxico. 
By  M.  H.  Saviixe,  American  Museum  of  Natural  History,  New  York, 
N.  Y. 


Art  in  prkhistoric  times.  By  Thomas  Wilson,  U.  S.  National  Museum, 
Washington,  D.  C. 

Many  volumes  have  been  written  on  the  History  of  Art,  the  Origin  of 
Art,  the  Dawn  of  Art,  the  Beginning  of  Art,  the  Evolution  of  Art,  and 
the  last  one,  just  appeared,  What  is  Art?  Some  of  these  have  been  large 
heavy  works  of  two  volumes,  attempting  to  cover  the  world  in  their  in- 
vestigations, and  treating  of  art  in  every  style  and  in  every  nation.  All 
of  these,  with  a  single  exception,  begin  with  historic  art,  like  Chaldean, 
Assyrian  or  Egyptian,  practically  Ignoring  prehistoric  art.  I  have  sought 
to  remedy  this  In  a  new  work  now  going  through  the  press,  entitled  **  Art 
in  Prehistoric  Times."  Its  entire  field  lies  In  the  prehistoric,  and  is  earlier 
than  any  of  the  works  mentioned ;  Indeed,  mine  ends  where  they  begin. 

A  pertinent  preliminary  question  is  posed  by  Tolstoi  in  his  work, 
**  What  is  Art  ?  "  But  first,  let  us  say  what  is  not.  It  is  not  necessarily 
to  be  measured  by  the  beauty  of  its  works  nor  the  amount  of  pleasure  they 
give  the  beholder  or  listener.  Indeed,  it  may  be  the  reverse.  A  work  of 
art  may  derive  its  principal  value  from  the  amount  of  awe  and  fear  it 
produces.  Wiertz  was  an  excellent  painter,  but  his  gallery  at  Brussels  Is 
little  better  than  a  chamber  of  horrors.  Shakespeare's  tragedies,  rendered 
by  accomplished  actors,  excite  emotions  of  horror  and  dread.  The  master 
musician  sometimes  extorts  the  warmest  plaudits  by  playing  a  scale  or 
number  purposely  false,  thereby  showing  his  art  by  his  power  over  his 
voice  or  instrument. 

Darwin,  Spencer,  Schiller,  and  others  have  defined  art,  but  there  is  some- 
thing faulty  in  nearly  all  their  definitions.   V^ron  says  art  is  the  manifes- 
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tation  of  human  emotions  externally  interpreted  by  expressive  arrange- 
ments of  line,  form  or  color,  or  by  a  series  of  gestures,  sounds  or  words, 
governed  by  particular  rhytlimical  cadences.  To  this  Tolstoi  adds  the 
condition  that  the  second  party,  the  beholder  or  listener,  must  be  the  re- 
cipient of  these  emotions.  This  definition  would  revive  the  ancient  dis- 
cussion as  to  what  is  sound,  wherein  It  was  agreed  that  making  waves  of 
air  was  necessary,  but  suppose,  as  in  tlie  case  of  a  tree  falling  in  the  dis- 
tant wood,  there  was  no  one  to  hear  it ;  certainly  it  would  be  sound  whether 
heard  or  not.  So  the  other  would  be  art,  even  without  a  beholder  or  lis- 
tener. 

Emotions,  whether  grave  or  gay,  are  interpreted  or  manifested  in  some 
of  the  following  methods :  when  by  color,  the  art  is  painting;  when  by 
line,  it  is  drawing  or  engraving ;  when  by  form  it  is  sculpture ;  and  a  com- 
bination of  these  may  produce  architecture.  When  the  emotion  is  mani- 
fested by  gesture  or  human  rhythmic  movements,  it  produces  the  dance ; 
when  by  rhythmic  notes,  music ;  when  by  rhythmic  words,  poetry.  Cer- 
tain of  the  arts  appeal  to  the  brain  through  the  organs  of  sight :  paint- 
ing, sculpture,  engraving,  architecture,  and  the  dance ;  while  certain  others 
appeal  through  the  organs  of  hearing :  poetry,  music  and  the  drama.  In 
the  former  group  action  is  arrested  and  the  representation  is  confined  to 
a  single  moment  of  time;  in  the  latter  group  the  action  is  continuous. 
But  the  laws  as  to  art  govern  both  groups  alike.  A  work  of  art  is  the 
Ideal  of  the  artist.  It  is  his  own  thought  or  idea,  is  a  part  of  himself;  not 
nature  as  it  actually  Is,  but  as  he  sees  It,  as  he  idealizes  and  depicts  it. 

The  great,  if  not  the  principal,  dlfliereuce  in  the  ability  of  artists  or  au- 
thors lies  in  the  difference  in  their  ideals,  which  Is  only  another  name  for 
their  taste.  Taste  is  born  with  the  individual  and,  to  a  large  extent.  Is 
involuntary.  True,  it  can  be  practised  and  improved,  and  by  want  of 
thought  or  use  it  may  be  deterioi-ated.  But  with  all  this  it  has  its  limits. 
One  who  cannot  naturally  and  easily  detect  concords  or  discords  of  sound 
can  never  become  a  good  musician ;  and  he  who  cannot  recognize  har- 
monies of  color  will  never  become  a  great  painter. 

Despite  all  arguments  favoring  the  evolution  of  man  as  a  species,  we 
must  recognize  that  ever  since  man  has  been  known  on  eartii  he  has  had 
all  the  powers  and  capacities  of  man  and,  along  with  them,  the  taste  and 
ideality  needed  for  an  artist-  So  soon  as  he  came  to  know  art,  to  have  a 
taste  and  an  ideal,  he  seems  to  have  had  a  desire  for  art  objects.  A  de- 
sire to  have  them  appears  to  have  been  an  equivalent  to  a  desire  to  pro- 
duce them,  and  so  man  began  to  make  art  works  in  times  of  high  antiquity. 
Art  seems  to  have  been  the  germ  of  civilization,  rather  than  to  have  been 
its  flower  or  fruit.  This  is  no  a  priori  theory,  for  investigating  the  facts 
and  interrogating  his  former  habitat  with  pick  and  shovel,  we  find  that  he 
actually  made  and  had  many  pieces  of  considerable  beauty,  even  if  of  no 
value,  purely  for  ornament  and  consequently  to  gratify  his  aesthetic  taste 
and  give  him  pleasure.  This  puts  him  on  the  level  with  modem  man  and 
ascribes  to  him  the  same  motives  and  tastes  which  influence  modern  man 
to  do  his  art  work. 
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Tliese  manifestations  of  aesthetic  art  began  in  the  earliest  known  period 
of  man*s  civilization  on  earth,  the  Paleolithic.  Whatever  differences  there 
may  be  among  prehistoric  archaeologists  as  to  details,  they  agree  in  the 
most  important  fact,  i.  e.,  that  this  human  occupation  of  the  earth  was 
to  be  traced  to  the  quaternary  geologic  period.  Its  antiquity  is  not  to  be 
measured  in  years  nor  by  any  of  our  time  units.  It  is  simply  to  be  de- 
scribed as  a  piior  geologic  period.  Tlie  human  race  was  then  in  its  infancy. 
The  man  of  that  time  was  a  savage.  He  did  not  bury  his  dead,  he  built 
no  houses,  he  erected  no  monuments ;  he  was  a  hunter  and  fisher,  he  was  a 
nomad,  had  no  local  habitation,  dwelt  in  no  villages  except  such  as  could 
be  so  called  from  a  number  of  people  living  in  a  cavern  for  shelter.  He 
had  no  tribal  organization,  no  sociology,  no  belief  in  a  future  state  and, 
consequently,  no  religion;  at  least  no  evidence  of  any  of  these  things 
has  ever  been  found  associated  with  his  remains,  while  they  have  been 
found  among  his  successors.  Yet  this  man  occupied  in  the  Solutrfeen 
epoch,  the  highest  rank  as  a  fiint  chipper,  and  in  the  succeeding,  the  Made- 
lalnien  epoch,  a  correspondingly  high  rank  as  an  engraver  on  bone  and 
ivory.  His  material  (in  the  latter  epoch)  was  the  bones,  horns  and  tusks 
of  the  animals  which  were  his  prey.  His  tools  were  sharply  chipped  points 
or  gravers  of  flint.  Most  of  the  specimens  of  his  art  work  are  found 
in  the  caverns  which  had  been  his  habitations.  No  one  has  sufficient 
knowledge  to  justify  the  declaration  that  this  art  work  belongs  exclu- 
sively to  western  Europe,  but  certain  it  is  that  most  known  specimens 
have  been  found  there.  They  are  chlefiy  from  the  caverns  of  central  and 
southern  France.  About  four  hundred  such  specimens  have  been  found 
and  preserved,  yet  no  one  can  know  how  many  have  been  missed  or  re- 
mained undibcovered.  The  specimens  found  in  caverns  were  originally 
thrown  aside,  lost  In  the  debris,  and  finally  protected  by  stalagmltic  or 
other  process  of  induration.  They  are  usually  enveloped  in  blocks  or 
slabs  which,  by  Infiltration,  have  become  hard  and  must  be  quarried  like 
stone.  In  brln^rlng  these  to  light  In  modem  investigations  many  speci- 
mens must  necessarily  be  broken,  while  those  in  the  interior  of  the  block 
or  slab  are  never  discovered.  A  few  specimens  of  the  art  work  of  the 
Paleolithic  period  are  purely  decorative,  but  most  of  them  are  represen- 
tations of  the  animals  of  the  period  of  the  locality.  Many  animals,  now 
extinct,  are  represented  and  In  this  way  knowledge  of  their  form  and 
appearance  has  been  preserved  to  us.  The  animals  most  frequently  en- 
graved were  the  mammoth,  cave  bear,  Irish  elk,  musk  ox,  reindeer,  cha- 
mois, mountain  goat,  urus  or  auroch,  horse,  deer,  and  similar  animals, 
finally  man.  Marine  animals  were  well  represented:  the  seal,  sea  Hon, 
tortoise,  turtle,  fishes  and  serpents.  Some  of  the  objects  thus  treated 
were  utilitarian;  batons  de  commandment^  poniard  or  dagger  handles, 
harpoons,  and  similar  objects;  while  others  were  purely  ornamental,  only 
toys.  Many  were  so  broken  as  to  destroy  all  clew  to  their  purpose. 
This  was  the  art  of  the  Paleolithic  period. 

That  of  the  succeeding,  the  Neolithic  and  bronze  ages  (of  Europe),  was 
quite  a  different  style.    It  was  almost  entirely  decorative,  marked  or  cut 
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on  pottery  and  bronze  objects  of  utility.  There  was  little  or  no  attempt 
to  represent  living  or  material  objects.  The  art  of  these  periods  (still  in 
Europe)  consisted  mostly  in  geometric  forms,  as  lozenges,  chevrons, 
herring-bones,  zigzags  and  cross  hatch.  The  Swastika  seems  to  have 
been  used  throughout  the  latter  period  and  to  have  been  the  earliest  sym- 
bol in  use  among  men. 

The  North  American  Indian  and  his  congeners  of  the  Antilles  were 
also  In  the  Neolithic  or  polished  stone  age  of  culture,  and  their  decorative 
art  was  practically  the  same  as  that  age  In  Europe.  They  excelled  their 
European  brethren,  however,  in  making  rude  drawings  and  pictures,  prin- 
cipally petroglyphs,  many  of  them  possibly  Ideographs,  telling  a  story  by 
their  own  description.  They  often  reproduced  the  human  figure,  which 
the  European  rarely  did.  The  aborigines  of  Mexico,  Central,  and  the 
northwestern  part  of  South  America,  although  still  In  the  Stone  age, 
reached  a  higher  civilization,  mainly  manifested  by  the  erection  of  exten- 
sive and  magnificent  temples,  fine  stone  sculpturing  and  ldeogri4>hlc  lan- 
guage. 

In  closing,  we  are  tempted  to  enquire.  Why  did  the  savage  man  take 
upon  himself  the  additional  labor  of  making,  constructing,  erecting,  all 
these,  to  him  a  savage,  .unnecessary  works  and  objects?  The  answer  sug- 
gested is  — because  he  desired  to  have  them;  they  gratified  him,  they 
gave  him  pleasure;  they  satisfied  his  aesthetic  taste  for  beautiful  things; 
and  to  obtain  the  desired  gratification,  he  was  willing  to  undergo  the 
necessary  labor  and  to  endure  the  necessary  fatigue.  In  respect  of  the 
desire  for  art  and  art  works,  things  beautiful,  wherein  is  the  diffterence 
between  the  prehistoric  savage  who  dwelt  in  caverns,  and  his  modern 
brother  who  dwells  in  a  palace? 


Fbbhistoric  musical  IN8TRUMBNT8.*  By  Thomas  Wilson,  U.  S.  National 
Museum,  Washington,  D.  C* 

It  has  been  asserted  that  the  origin. of  vocal  music  was  coSval  with  that 
of  language,  and  that  the  construction  of  musical  instruments  dates  with 
the  earliest  inventions  suggested  by  human  In^renuity.  Those  who  make 
these  assertions  do  so  simply  upon  theory,  and  when  pressed  for  their  au- 
thority would  be  compelled  to  admit  that  actual  knowledge  or  Information 
upon  the  subject  does  not  exist.  What  can  be  affirmed  is  tliat  sound  made 
by  the  prehistoric  man  of  the  earliest  epoch  might  have  been  rhythmic  and 
so  possessed  one  of  the  elements  of  music.  The  other  elements,  melody, 
dynamics  and  harmony,  followed  In  the  course  of  civilization,  among  some 
people  at  a  faster  and  among  others  at  a  slower  rate. 

Vocal  sounds  are  incapable  in  themselves  of  perpetuation.  When  the 
vibrations  made  by  the  human  voice  have  ceased,  the  incident  Is  closed 

1  A  r^euin^  of  a  chapter  In  "Art  in  Prehistoric  Times"  in  course  of  publication. 
*  Assisted  by  Mr.  £.  P.  Upham. 
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and  the  evidence  lost.  It  is,  therefore,  in  the  absence  of  any  written  tes- 
timony, impossible  to  Identify  the  practice,  or  even  the  existence,  of  vocal 
music  in  preliistoric  times.  We  are  driven  to  an  exclusive  consideration 
of  musical  instruments,  and  if  these  should  fail  us,  we  would  be  without 
evidence. 

It  is  the  intention,  in  this  paper,  to  leave  aside  all  speculation  as  to  the 
origin,  theory,  practice,  philosophy  and  poetry  of  music,  and  to  deal  only 
with  music  as  one  of  the  fine  arts  of  prehistoric  times ;  the  study  thereof 
to  be  based  upon  such  knowledge  as  is  obtainable  from  prehistoric  musi- 
cal instruments. 

Musical  instruments  of  percussion  are  the  most  simple  in  the  sound  or 
effect  produced,  and  the  theory  has  l)een  accordingly  announced  that  they 
were  the  first  to  have  been  invented,  that  is,  they  were  the  earliest  factors 
in  human  culture,  and  the  first  to  be  used  among  primitive  peoples.  The 
next  in-order  of  complexity,  and  accordingly  in  order  of  invention  and 
evolution,  were  wind  instruments.  Rowbotham  (History  of  Music,  Book 
I)  divides  them  into  types,  of  which  his  representatives  are  the  drum,  the 
pipe  and  the  lyre.  Under  the  first  head  fall  rattles,  gongs,  triangles, 
tam-tams,  castanets,  tambourines,  cymbals,  all  Instruments  of  percussion ; 
under  the  second  head  fall  flageolets,  flutes,  hautboys,  clarinets,  bassoons, 
bugles,  all  wind  instruments.  Under  the  third  head  fall  all  stringed  in- 
struments. He  makes  these  types  representatives  of  three  distinct  stages 
of  development,  through  which,  in  the  order  named,  be  says,  all  prehistoric 
music  has  passed.  *'As  in  the  geologic  history  of  the  globe  the  chalk  Is 
never  found  below  the  oolite,  nor  the  oolite  below  the  coal,  so  in  the  mus- 
ical history  of  mankind  is  the  lyre  stage  never  found  to  precede  the  pipe 
stage  nor  the  pipe  stage  to  precede  the  drum  stage.  In  keeping  with  this 
is  the  fact  that  the  savages  sometimes  have  the  drums  alone,  but  never  a 
pipe  alone  or  the  lyre  alone,  for  if  they  have  the  pipe  they  have  the  drum 
too,  and  if  they  have  the  lyre  they  always  have  both  the  pipe  and  the 
drum." 

Wallaschek  wrote  (Primitive  Music :  Its  Origin,  and  Development,  with 
Songs,  Instruments,  and  Pantomimes  of  Savage  Races)  after  Rowbotham, 
and  a>*sailed  strongly  his  theory  of  threefold  development  of  aboriginal 
musical  instruments.  He  denied  the  drum  to  have  been  the  earliest  or 
first  invented,  and  asserted  that  which  is  demonstrated  in  this  paper,  that 
wind  instruments  (whistles,  fiageolcts  and  horns)  antedated  drums.  He 
reversed  Rowbotham*s  order  of  simplicity  and  argued  that  the  Ijrre  or 
harp  of  Africa,  formed  as  it  might  have  been  from  a  bent  twig  or  the  two 
branches  of  a  tree  with  a  strin;:  stretched  taut  between  the  ends,  were  not 
only  more  primitive  and  more  easily  and  quickly  made ;  but,  as  confessed  by 
Rowbotham  in  his  appendix,  it  was  in  fact  invented  and  in  use  among  the 
most  degraded  savages  of  the  country,  that  it  spread  over  a  large  portion 
of  the  continent  of  Africa  before  the  pipe  or  drum,  and  that  it  was  in  use 
among  many  other  tribes  in  connection  with  pipes,  but  without  drums. 

The  authors  are  aware  of  the  mass  of  literature  on  the  science  and  prac- 
tice of  music,  how  historians  and  discoverers  of  primitive  or  savage  peo- 
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pies  have  reported,  in  many  volaines,  the  music  they  have  heard  and  the 
instruments  with  which  it  was  made.  These  have  not  been  followed  nor 
any  of  their  theories  adopted,  and  the  soclologic  or  scientific  sides  of  music 
Among  primitive  or  ancient  peoples  have  been  avoided.  They  have  con- 
tented themselves  with  a  description  of  prehistoric  Instruments  and  where 
possible  of  such  notes  or  tones  as  could  be  produced  by  their  manipulation. 

Lartet  and  Christy  found  preliistorlc  whittles  in  the  cavern  of  Laugerie 
Basse,  in  the  Dordogne  District,  France.  They  also  found  whistles  of  the 
same  kind  in  the  cavern  of  Aurignac.  It  was  supposed  that  both  these 
caverns  belonged  to  the  Paleolithic  period,  and,  therefore,  they  afforded 
corroborating  evidence  of  the  use  of  these  instruments  in  tliat  period. 
Later  investigations  rendered  this  certain  with  regard  to  Laugerie  Basse, 
but  made  it  uncertain  with  regard  to  Aurignac.  When  the  first  whistle 
was  found,  in  1860,  In  Aurignac,  it  was  reserved  by  these  gentlemen  for 
this  confirmation,  but  afterwards,  when,  as  they  say,  there  had  been  many 
discoveries  of  this  kind  of  instrument,  notably  those  from  Laugerie  Basse, 
so  that  specimens  are  not  now  rare  in  Museums  and  collections,  they  felt 
themselves  justified  in  assuming  the  existence  and  use  of  this  instrument 
in  Paleolithic  times. 

The  question  will  immediately  arise  whether  these  were  really  musical 
instruments.  It  has  been  suggested  that  they  were  for  calls  or  signals,  and 
may  have  been  used  as  the  boatswain  does  his  whistle,  to  direct  the  move- 
ments of  men  at  a  distance.  This  would  not  be  music,  and  if  they  were 
always  thus  used  they  would  not  be  musical  instruments ;  but  if,  on  the 
other  hand,  they  were  used  to  give  rhythmical  cadence  to  a  dance  or  song, 
or  for  any  similar  purpose,  they  would  be  musical  Instruments.  Any  at- 
tempt to  decide  the  use  to  which  these  objects  were  put  and  whether 
they  were  or  were  not  musical  instruments  would  be  mere  speculation. 
That  they  might  have  been  used  as  such,  and  that  hundreds  of  other  sim- 
ilar instruments  have  been  found  which  were  used  as  musical  Instruments, 
Justifies  this  classification  and  their  insertion  in  this  paper. 

M.  Fetis  (Histoire  G^n^rale  de  la  Musique)  gives  an  Illustration  of  a 
pipe  from  a  prehistoric  grave  of  the  Neolithic  period,  near  Poitiers,  and  of 
which  a  cast  was  furnished  by  M.  Lartet.  It  was  rudely  constructed  from 
a  stag  horn,  was  blown  at  the  end  like  a  fiageolet,  and  had  three  finger 
holes  equidistant. 

The  most  elaborate,  as  well  as  the  most  beautiful  instruments  of  music 
belonging  to  prehistoric  times,  were  the  bronze  and  gold  trumpets  or 
horns  of  Scandinavia.  They  are  not  toys,  but  are  of  large  size,  quite  as 
large  as  any  horns  of  modern  times,  being  sometimes  five  and  even  up  to 
eight  feet  in  length,  with  bell  mouths  six,  eight,  and  ten  inches  in  diam- 
eter. No  particular  style  was  adopted,  though  all  specimens  agree  in  the 
requisites  of  the  horn  or  trumpet. 

A  notice  of  a  concert  of  these  instruments  in  the  Copenhagen  Museum 
was  published  in  the  Evening  Star,  February  6,  1896,  from  the  San  Fran- 
cisco Chronicle,  which  is  here  inserted  : 

*'An  enormous  crowd  fills  the  museum  and  the  neighboring  square  at 
Copenhagen  every  midsummer  day  to  listen  to  a  unique  concert.     A  num- 
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ber  of  ancient  Scandinavian  horns,  .  .  .  culled  '*  laren,"  are  kept  in 
the  maseam.  Of  this  collection  fourteen  are  in  good  condition.  They 
have  an  elegant  shape,  and  the  flat  metal  plates  at  the  moathpiece  show 
good  technical  perfection  and  a  developed  taste  for  aru  They  are  in 
different  pieces  fitted  together.  They  are  of  very  thin  metal  and  fre- 
qaently  seven  feet  long.  A  few  years  ago  it  was  found  out  by  Dr. 
Hammerlch  that  they  could  still  be  blown  or  played  upon.  Their  tones 
resemble  those  of  the  tenor  horn,  and  they  have  a  soft  but  powerful 
sound.  Some  are  tuned  In  C  and  E  sharp  and  others  in  D,  E,  or  6,  and 
these  tunes  form  an  accord,  but  no  '*  scala."  On  the  balcony  in  the  court 
of  the  palace,  in  which  is  kept  the  Northern  Museum,  two  members  of  the 
"  capella  "  blow  tunes  on  two  of  these  primeval  horns  to  the  delight  of  the 
inhabitants." 

Professor  Starr,  of  Chicago,  says  of  one  of  these  concerts : 

**  We  had  the  good  fortune  to  be  present.  The  court  of  the  museum 
was  filled  with  hearers.  Wonderful,  is  it  not,  that  horns  two  thousand 
years  old,  buried  for  long  centuries  in  peat  bogs,  should,  after  this  long 
silence,  still  be  capable  of  giving  out  clear,  ringing,  even  sweet,  tones?" 

The  ancient  musical  Instruments  of  Ireland,  so  far  brought  to  the  notice 
of  arciiteologists,  are  the  horn  or  trumpet,  the  harp  and  the  bagpipe. 
The  two  latter  are  more  modern  and  are  probably  not  prehistoric.  The 
Museum  of  Science  and  Art  at  Dublin  possesses  several  ancient  harps,  at- 
tractive on  account  of  their  historic  and  national  interest,  but  they  are  not 
for  us. 

M.  Paul  du  Challlu  wrote  his  Interesting  work,  "The  Viking  Age,"  to 
demonstrate  the  proposition  that  the  early  settlers  of  Britain  and  the 
British  Isles  were  Vikings  rather  than  Anglo-Saxons.  He  based  his  theory 
upon  the  similarity  of  the  many  objects  found,  respectively,  in  Britain 
and  Denmark.  While  his  theory  has  not  been  accepted  generally,  yet  it 
must  be  confessed  that  the  similarity  he  points  out  was  remarkable.  Not 
the  least  is  it  so  with  regard  to  the  trumpets  or  horns  (luhrs).  A  fact  in 
this  similarity,  opposed  to  Du  Chaillu's  theory,  is  that  the  greater,  al- 
most the  entire,  number  of  these  trumpets  are  found  In  Ireland,  while  they 
are  extremely  rare  In  England. 

Dlodorus  says  ofthe  Gauls  that  they  had  barbaric  trumpets  of  a  special 
nature  which  gave  a  hoarse  sound  well  suited  to  the  din  of  Imttle.  The 
use  of  war  trumpets  among  the  Celtic  population  of  western  Europe  has 
been  more  than  once  mentioned  by  cbisslc  writers,  and  passages  from  them 
have  been  cited  by  Sir  John  Evans,  Sir  Augustus  W.  Franks,  and  others. 

The  United  States  National  Museum  possesses  a  large,  Interesting,  and 
valuable  collection  of  musical  Instruments,  whlcli  have  been  obtained  pri- 
marily through  the  interest  of  the  late  Dr.  G.  Brown  Goode,  the  Assistant 
Secretary  of  the  Smithsonian  Institution,  in  charge  of  the  National  Mu- 
seum. Very  many  of  these  are  extremely  primitive  and  might  well  have 
served  in  prehistoric  times.  Their  use  by  savages  and  primitive  peoples 
in  the  earliest  stages  of  their  history  shows  an  almost  certain  connection 
with  prehistoric  times.  It  Is  considered  proper  that  they  should  be  noticed 
among  prehistoric  instruments. 


Digitized  by 


Google 


ANTHROPOLOGY.  463 

Prominent  among  the  prehistoric  instruments  of  the  United  States  from 
which  sounds  or  notes  can  be  obtained,  are  the  bone  whistles  from  an- 
cient graves  of  the  coast  of  California.  East  of  the  Mississippi  Valley 
with  a  few  exceptions  there  appears  to  be  an  almost  entire  absence  of 
musical  instruments.  The  whistles  made  from  limonite  concretions  and 
the  stone  tubes  or  trumpets  (?)  represent  all  that  can  be  so  classed. 
(See  those  in  the  U.  S.  National  Museum  and  in  the  Douglas  Collection 
at  New  York.) 

The  ancient  instruments  from  Mexico,  Central  and  South  America  form 
a  most  interesting  series  and  show  in  some  degree  that  mu.sic  occupied  a 
prominent  place  in  the  arts.  This  is  naturally  to  be  expected  of  a  people 
or  peoples  with  arts  so  highly  developed  in  other  directions*  architecture, 
sculpture,  etc.  Drums,  rattles,  horns  and  trumpets  are  mentioned  by  the 
early  Spanish  writers  in  connection  with  war,  religious  ceremonies  and 
festivals  of  various  kinds.  The  whistles  or  flageolets  of  pottery  form  the 
largest  group  in  our  collection  and  have  been  deemed  worthy  of  consider- 
able attention.  The  whistling  mechanism  in  all  is  identical  with  that  of 
the  modern  flageolet  and  they  have  a  compass  of  ftrom  two  to  seven  or  more 
notes,  according  to  the  number  of  finger  holes  and  their  relative  sizes. 
The  smaller  instruments  are  mostly  caricatures  of  the  human  face  or 
figure,  or  of  animals  or  birds.  The  larger  instruments  are  like  the  mod- 
ern fiageolet  in  form. 

The  most  important  group  of  prehistoric  musical  instruments,  in  point 
of  numbers,  is  from  Chiriqni.  It  embraces  drums,  rattles  and  whistles  of 
pottery  and  a  number  of  bronze  bells. 

The  musical  Instruments  in  the  U.  S.  National  Museum  obtained  from 
Guiana  can  not  properly  be  classed  as  prehistoric.  It  was  thought,  how- 
ever, that  descriptions  of  a  few  primitive  instruments  belouging  to  still 
existing  tribes  might;  prove  interesting.  It  appears  that  only  a  limited 
variety  of  instruments  are  icnown  to  these  people.  Rattles  made  of  gourds 
and  plaited  strips  of  cane,  and  whistles  or  flutes  of  bone  and  other  ma- 
terial seem  to  have  been  all  that  can  be  so  classed. 

The  '*  whistling  bottles  '*  from  ancient  burial  places  in  Peru  should  not 
be  omitted.  These  may  not  have  b('en  musical  instruments,  but  thoy  are 
capable  of  producing  musical  sounds  or  notes. 

CONCLUSION. 

Certain  differences  of  opinion  exist  among  historians  of  music  as  to 
the  scale  adopted  by  primitive  peoples  in  their  earliest  efforts.  One  class 
thinks  that  it  finds  in  the  laws  of  sound  a  relationship  between  notes  of 
different  pitch,  which  harmonize  with  each  other  and  make  a  concord  of 
sweet  sounds,  and  demonstrates  a  scale  natural  to  all  men  and  therefore 
universal,  applying  as  well  to  the  savage  as  to  the  enlightened ;  that  Is  to 
say,  they  believe  that  when  the  savage  has  become  sufficiently  practised 
In  music  to  employ  a  scale  of  any  kiud,  he  will  use  that  belouging  to  mod- 
ern and  civilized  music  because  that  scale  is  natural  to  man. 

Another  class  of  persons  deny  this,  and  express  their  belief  that  primi- 
tive peoples  either  did  not  recognize  this  concord,  or  else  did  not  desire  it. 
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These  differences  of  opinion  have  not  been  adjusted.  When  one  party 
shows  primitive  instruments  on  which  the  modern  scale  can  be  produced, 
or  shows  primitive  music  written  on  the  modern  staff,  they  are  met  wiUi 
the  assertion  that  this  is,  or  may  be,  the  result  of  straining  the  instru- 
ment to  produce  the  given  note. 

The  authors  have  taken  no  side  in  this  controversy,  recognizing  their 
r6le  to  be  that  of  gathering  facts  rather  than  indulging  in  speculation,  to 
the  end  that  their  facts  may  be  u»ed  by  both  parties ;  thus  serving  in  some 
degree  to  elucidate  these  disputed  questions. 

Great  care  has  been  employed  in  ascertaining  the  tones  or  pitch  indi- 
cated in  the  staves,  that  they  should  represent  the  normal  scale  of  each  in- 
strument. They  could  be  manipulated  so  as  to  give  a  tone  higher  or  lower 
than  normal.  Particular  pains  have  been  talcen  to  represent  upon  the  staff 
the  notes  obtained  by  using  average  force  in  blowing,  and  to  avoid  the 
temptation  to  raise  or  lower  the  pitch  in  order  that  the  intervals  might 
be  more  easily  represented  on  the  staffer  more  satisfying  to  the  ear. 

The  fact  that  it  is  rare  to  find  two  instruments  from  a  given  locality 
which  produce  the  same  tones  indicates  at  least  that  their  construction 
(musically)  was  not  based  on  any  established  or  recognized  scale.  With 
most  of  them  the  intervals  and  scale  appear  to  have  been  purely  acciden- 
tal. What  results  might  be  obtained  if  all  prehistoric  musical  instruments 
could  be  brought  together  and  studied  it  is  impossible  to  say. 


Classification  of  aruowpoints,  spearheads  or  knivks.    By  Thomas 
Wilson,  U.  S.  Museum,  Washington,  D.  C. 

I  SAY  *•  or"  knives  because  many  of  these  objects,  which  for  a  long  time 
and  in  many,  indeed  most,  collections,  have  been  classed  as  arrowpoiiits 
or  spearheads,  may  have  been  used  concurrently  as  knives.  Some  of 
them  have  been  exclusively  so.    This  has  led  me  to  attempt  a  classification. 

Heretofore  there  has  been  little  or  no  method  of  describing  or  defining 
the  different  kinds  of  these  Implements  or  weapons.  The  difference  be- 
tween arrowpoints  and  spearheads  has  been  accorded  to  individual  taste, 
and  without  rule  or  definition,  large  ones  were  spears  and  small  ones  ar- 
rows. Some  were  with,  and  some  without  stems ;  the  same  with  notches. 
No  practical  classification  has  ever  been  In  use,  and  whatever  comprehen- 
sive classification  has  been  attempted  is  so  intricate  and  with  such  in- 
finitesimal divisions  as  to  be  impracticable  and  break  down  with  their 
own  weight.  Dr.  Ban's  classification  comprised  twenty-three  different 
classes  and  made  It  difficult  to  assign  the  individual  specimen  to  its  correct 
class,  and  impossible  to  remember  and  apply  the  classification  practically 
to  the  specimen  in  hand.  This  condition  induced  me  to  attempt  a  classifi- 
cation which  should  be  at  once  comprehensive  and  practical.  I  have  made 
only  four  grand  divisions.  These  are  according  to  forms  already  well 
known  and  segregated.  They  are:  I.  Leaf -shaped;  II.  Triangular;  III. 
Stemmed ;  and  IV.  Peculiar  forms.  The  subdivisions  are  by  letters,  A, 
B,  C,  etc. 
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Division  I,  leaf -shaped,  has  Class  A,  pointed  at  both  ends;  Class  B, 
pointed  at  one  end  only,  the  base  being  convex,  straight  or  concave;  Class 
C,  sharp  point,  parallel  edges,  with  base  straight,  concave  or  convex, 
chiefly  from  the  Pacific  coast. 

Division  II,  triangnlar,  has  but  one  class  and  includes  all  triangular 
forms,  with  edges  or  bases  concave,  straight  or  convex. 

Division  III,  stemmed,  inclades  all  stems.  Class  A,  stemmed  without 
shoulders;  Class  B,  stemmed  and  shouldered  without  barbs;  Class  C, 
stemmed,  shouldered  and  barbed.  These  comprise  all  the  general  or  us- 
ual forms. 

Division  IV,  peculiar  forms,  are  unusual  and  many  times  sporadic,  but 
have  differences  so  marked  as  not  to  be  Included  in  any  of  the  former 
classes  and  are  found  In  such  numbers  that  they  cannot  be  Ignored.  They 
commence  with  A,  beveled  edges;  B,  serrated  edges,  etc.,  continuing  to 
H,  asymmetric  or  one-sided,  and  I,  curious  forms  (Jorma  curiosa). 

Division  i.    Leaf-shapbd. 
Class  A.    Pointed  at  both  ends. 


Class  B.     Base  convex,  straight,  or  concave. 


Class  C.    Convex,  or  concave  base,  parallel  edges. 


A.   A.  ▲.   S.  VOL.   XLVn  30 
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Division  n.    Trianqular. 

This  division  includes  all  forms  approaching  a  triangle,  whether  the 
bases  or  edges  be  convex,  straight,  or  concave. 


Division  in.    Stemmed. 
Class  A.    Lozenge -shaped. 


Class  B.    Shouldered^but  not  barbed. 


Class  C.    Slionldered  and  barbed. 
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Division  rv.     1*eculiar  voums. 
Class  A.    Beveled  edges. 


Class  B.    Serrated  edges. 


Class  C.    Bifurcated  stems. 


Class  D.    Long  barbs,  sqaare  at  the  ends. 
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Class  E.    Triaognlar  in  section. 


Class  F.     Broadest  at  cutting  end,  tranchant  transversal. 


Class  G.    Slate  and  polished. 


Class  H.    Asymmetric. 


Class  I.     Forma  curiosa. 
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This  classification  is  definite,  certain,  easily  nnderstood  and  remem- 
bered, and  nearly  unmistakable.  It  is  believed  to  be  valuable  and,  it  is 
hoped,  will  be  adopted  into  common  use. 

The  bow  and  arrow  was  probably  more  of  an  epoch-making  invention 
than  any  other.  Probably  no  other  invention  had  so  much  to  do  as  it 
with  the  advancement  of  civilization.  Its  origin,  either  as  respects  time 
or  place,  is  entirely  unknown.  It  spread  over  almost  the  entire  world  in 
prehistoric  times.  Nearly  every  known  explorer  or  traveller  of  whatever 
time  and  in  whatever  country  found  the  bow  and  arrow  in  common  use 
while  its  advent  was  unknown.  The  stone  arrowpoint  has  been  found 
in  every  prehistoric  country.  The  Eastern  and  Western  hemispheres 
both  testify,  even  to  their  uttermost  parts,  the  extent  of  its  use  and  the 
almost  universal  occupation  of  the  prehistoric  man  who  made  it.  The 
bow  and  arrow  was  the  earliest  projectile  weapon  made  or  used  by  man. 
Before  it,  man  had  no  projectile  other  than  that  thrown  by  the  force 
of  his  own  arm.  The  bow  and  arrow  maintained  its  supremacy  as  a 
'  projectile  machine  throughout  the  ages,  until  the  comparatively  modern 
invention  of  gunpowder.  Homer  and  the  Siege  of  Troy  carry  our  knowl- 
edge of  the  bow  and  arrow  back  to  the  eleventh  or  fourteenth  century, 
B.  C,  and  subsequent  literature  of  classic  antiquity  is  full  of  references  to 
it.  Xerxes'  army,  said  to  have  been  the  largest  ever  brought  together, 
representing  nearly  every  known  tribe  or  people  and  gathered  from  every 
country,  had  the  bow  and  arrow  as  Its  only  projectile  machine. 

An  understanding  of  the  antiquity  of  the  bow  and  arrow  may  be  ap- 
proximated by  a  consideration  of  the  fact  that  with  all  the  spread  of  the 
stone  arrowpoint,  it  had  been  superseded  and  given  place  to  metal  before 
the  beginning  of  history.  Not  only  in  Greece  and  Rome,  not  only  with 
Xerxes,  but  among  the  Chaldeans,  Assyrians  and  Babylonians,  and  among 
the  greatest  bowmen  of  them  all.  the  Scythians,  the  stone  arrowpoint  had 
been  superseded  by  bronze  or  iron,  before  their  respective  histories  be- 
gan. Italy  stands  near  the  head  of  the  list  of  countries  of  the  world  as 
to  the  number  and  fineness  of  stone  arrows  found  within  her  borders. 
The  most  prolific  spot  is  on  the  shores  of  Lake  Trasymene,  where  Hanni- 
bal so  successfully  defeated  the  Roman  Army.  One  would  suppose  these 
arrowpoints  might  be  the  remains  of  that  battle,  but  we  know  by  history 
what  arms  these  armies  used  and  how  the  arrowpoints  were  metal  and 
not  stone.  Therefore,  the  stone  arrowpoints,  despite  their  great  number 
and  their  distribution  throughout  almost  the  entire  earth,  had  passed 
away  and  gone  out  of  use  before  the  beginning  of  history. 

The  favorite  material  for  stone  arrowpoints  throughout  prehistoric 
times  was  filnt,  and  the  first  industrial  art  in  which  man  engaged  was  the 
chipping  of  flint.  This  was  carried  to  such  degree  of  excellence,  and 
was  accomplished  with  such  skill  and  dexterity  amid  so  many  difficulties, 
that  in  **  Art  in  Prehistoric  Tiroes,"'  I  have  classed  it  amon«;  the  fine 
arts.   Flint  exists  in  almost  every  degree  of  fineness  from  coarse  chert  to 

^  la  course  of  publloatioii  in  Report  U.  S.  National  Moseum,  1896,  pp.  825-634.    Pis. 
74,  figs.  S25. 
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fine  chalcedony,  and  in  some  of  these  forms  it  is  found  In  almost  every 
connlry  of  the  world.  Formerly  flint  was  declared  to  be  confined  to.that 
material  composed  of  silica  which  was  found  in  nodules  in 'the  chalk, 
and  as  the  chalk  formations  were  European  and  not  American,  it  was  said 
that  the  true  flint  did  not  belong  to  America.  But  a  series  of  investiga- 
tions, flrst  by  chemical  analysis  and  second  by  microscopic  study  of  thin 
sections,  has  enabled  us  to  determine  the  similarity  of  European  and 
American  flint,  both  in  substance  and  in  structure. 

Reference  has  been  made  to  the  possible  use  of  these  implements  as 
arrowpoints,  spearheads  and  knives,  and  to  the  difficulty  in  determining 
the  special  use  for  which  the  individual  specimen  was  intended.  It  must 
be  remembered  that  the  shaft  or  handle,  always  of  wood,  reeds  or  simi- 
lar soft  and  porous  substance,  has  in  nearly  every  case  decayed  and  been 
destroyed.  Of  the  many  arrowpoints  or  spearheads  found,  probably 
not  one  in  a  million  has  been  found  with  its  shaft  or  handle  intact.  We 
are  therefore  driven  to  the  consideration  of  the  flint  object  alone  for 
the  decision  of  this  question.  If  we  could  even  occasionally  find  the 
shaft  or  handle  attached,  it  would  afford  a  solution  of  the  question.  The 
size  of  the  point  or  head  has  but  little  to  do  with  the  matter.  The  largest 
flint  head  as  well  as  the  smallest  agate  point  flxed  in  a  stout  shaft  eight  or 
ten  feet  long  with  a  tapering  end,  would  make  a  spear ;  and  the  same  in  a 
slender  reed,  thirty  inches  long,  would  be  an  arrow.  A  stout  handle  four 
feet  long  would  be  a  javelin,  while  a  handle  of  any  of  these  kinds  four 
or  six  Inches  long,  would  make  it  a  knife. 

These  determinations  depend  entirely  upon  the  size,  weight  and  length 
of  the  handle  and  only  in  a  slight  degree  upon  the  stone  which  forms  the 
point  or  head.  We  have  found  in  the  vast  collections  of  the  U.  S.  National 
Museum  many  hundred  unilateral  or  one-sided  flint  implements  which,  if 
regular  and  symmetric,  would  pass  as  the  usual  arrowpoint  or  spearhead, 
but  in  their  present  condition  that  use  is  impossible  and  they  could  only 
have  been  intended  for  and  served  as  knives.  These  outlines  have  been 
elaborated  ip  a  paper  just  completed  and  now  going  through  the  press, 
under  the  title  of  ••  Arrowpoints,  Spearheads  or  Knives." 


SOMB   OF   THE   EYIDBNCK8   THAT   NORTHMEN   WEBB  IN  MASSACHUSETTS  IN 

PKE-CoLUMBiAN  TIMES.    By  Miss  CoRNELiA  HoBSFORD,  Cambridge, 
Mass. 


The  EARTH-LODGE.    By  Washington  Matthews,  Washington,  D.  C. 

Art  should  be  an  aid  to  ethnography ;  but  it  is  often  employed  in  a 
way  to  deceive  the  student  rather  than  to  aid  him.  Artists  are  prone  to 
make  pictures  to  please  the  eye  rather  than  to  tell  the  truth.  Works  of 
travel  are  often  embellished  by  artists  who  have  no  personal  knowledge 
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of  the  scenes  depicted.  The  author  gave  some  instances  of  this  misdi- 
reciion  of  art,  in  general;  but  spoke  of  it  especially  in  regard  to  the 
Indian  earth-lodge.  He  described  the  earth-lodge  and  presented  several 
iUustrations  of  the  lodge  as  it  existed  in  former  times  and  as  it  exists  to- 
day. In  the  beginning  of  the  century  there  were  thousands  of  these 
dweliings  In  the  Mlssourt  valley  between  St.  Louis  and  the  Yellowstone 
and  there  is  archaeological  evidence  that  they  once  extended  over  a  much 
wider  area.  To-day  there  are  but  Ave  or  six  in  existence  and  these  are 
on  the  Fort  Berthold  reservation  in  North  Dakota.  Morgan  says  of  the 
earth-lodges  that  they  were  the  most  commodious  aboriginal  homes  found 
in  America  north  of  New  Mexico.  Some  were  eighty  and  ninety  feet  in 
diameter.  Each  lodge  consisted  of  a  great  wooden  frame,  covered  with 
wUlows,  hay  and  earth.  The  structure  of  the  frame  was  explained; 
cross-section  and  groufad  plan  were  exhibited.  Illustrations  from  the 
works  of  Catlin,  De  Smet,  Morgan  and  Gass  were  shown  and  the  errors 
of  the  illustrations  were  pointed  out. 


Sections  F  and  H  met  at  the  Harvard  Medical  School  at  8  p.m.,  on 
Tuesday,  August  28,  when  Dr.  Thomas  D wight  lectured  upon  **  Varia- 
tions in  Human  Bones,"  with  illustrations  from  the  collection  of  the 
Medical  School. 


Thk  significance  of  the  garment.    By  Alice  C.  Fletcher,  Feabody 
Museum,  Cambridge,  Mass. 

The  data  from  which  this  study  of  the  significance  of  the  garment,  in- 
cluding all  regalia,  was  based,  had  been  taken  from  the  religious  obser- 
vances and  rituals,  the  social  usages,  and  the  individual  habits  of  the 
Omaha  Indians  and  their  cognates.  Many  years  of  close  personal  rela- 
tions with  these  people  had  led  the  writer  to  a  familiarity  with  their  cus- 
toms and  modes  of  thought  enabling  her  to  come  nearer  to  their  point  of 
view  upon  various  subjects  than  could  otherwise  have  been  possible. 
One  of  the  closing  paragraphs  of  the  essay  gives  the  writer's  summary 
of  her  subject  as  follows :—  "  From  a  study  of  the  Sacred  Legend  of  the 
Omahas,  and  of  the  various  customs  and  rites  of  the  tribe  and  its  cog- 
nates, we  have  found  the  garment  to  have  been  an  invention  by  which 
man's  self  consciousness  could  be  emphasized.  Its  practical  uses  were 
subservient  to  this  primary  purpose.  We  have  noted  that  man's  self  con- 
sciousness was  born  of  attrition  with  his  fellows,  that  his  use  of  gar- 
ments indicated  not  only  the  birth  but  the  development  of  his  conscious 
personality,  that  they  expressed  his  relations  to  the  unseen  world,  that 
they  came  to  characterize  his  experiences  and  exploits,  to  mark  his  place 
and  obligations  in  society,  and  finally  his  freedom  in  personal  expression." 
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The  paper  "was  Illustrated  by  lantern  sUdeSi  giving  a  unique  series  of 
pictures  showing  the  adjustment  of  the  robe  or  blanket  under  the  impulse 
of  passing  emotions. 

[The  paper  -will  be  published  by  the  Peabody  Museum,  Harvard  Univer- 
sity.] 


RASUM^  OF  RECKNt  STUDIES  ON  THE  ORIGINS  OF  EUROPEAN  RACES.      By  Dr. 

W.  Z.  Ripley,  Massachusetts  Institute  of  Technology,  Boston,  Mass. 


Presentation  of  a  bibliography  of  the  anthropology  and  ethnology 
OF  Europe.    By  Dr.  W.  Z.  Ripley. 


Report  of  commitj  ee  on  the  establishment  of  an  ANTHnopoLOOiCAL 
JOURNAL  in  America. 


Report  op  committee  on  the  terminology  and  definitions  of  anthro- 
pology :  anthropological  tkrminology,  by  Prof.  D.  G.  Brinton  ; 
SOME  definitions  IN  ANTHROPOLOGY,  by  Dr.  W  J  McGkb. 


Discussion  :  In  man,  what  factors  are  due  to  heredity  and  what 
TO  environment?  Opened  by  Prof.  D.  G.  Brinton,  Dr.  W  J 
McGkk  and  Dr.  W.  Z.  Ripley. 

[Dr.  Brinton's  paper  published  in  the  American  Anthropologist,  Sept., 
1898.] 


Anthropometric  instruments.    By  Prof.  J.  McKeenICattell,  Colum- 
bia University,  New  Yoric,  N.  Y. 

Two  instruments  were  exhibited  that  had  been  used  in  making  tests  on 
a  large  number  of  persons  where  it  was  desirable  to  avoid  complicated 
apparatus.  One  was  a  dynamometer  for  measuring  fatigue,  the  amount 
of  each  pressure  of  the  Angers  being  recorded  and  continuously  added. 
The  other  measured  in  a  series  of  trials  tlie  time  needed  to  recognize  a 
color  and  make  a  corresponding  movement. 
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The  nbw  thkort  of  the  lioht-sense.    By  Christine  Ladd  Franklin, 
Baltimore,  Md. 

It  was  shown  in  detail  that  the  theory  of  the  light-sense*  which  Prof. 
G.  E.  Muller  proposes  to  substitute  for  that  of  Hering  must  be  regarded 
as  a  new  theory,  and  not  simply  as  a  modification  of  the  former  one. 

There  is  no  doubt  that  this  theory  must  be  taken  as  replacing  that  of 
Hering,  —  it  is  much  to  be  preferred  to  it  in  every  respect  in  which  the 
two  theories  differ.  Assimilation  and  dissimilation  are  most  improbable 
chemical  processes  as  the  bases  of  the  sense  for  the  complementary  colors, 
and  they  are  not  even,  in  the  last  analysis,  in  any  correct  sense  of  the 
term,  antagonistic.  When  dissimilation  is  by  any  means  increased,  assim- 
ilation is  not  thereby  diminished,  but,  on  the  contrary,  it  goes  on  more 
rapidly  than  before,  for  the  sake  of  repairing  waste.  The  conception 
which  Professor  Mliller  proposes  to  substitute  for  assimilation  and  dis- 
similation (which  constitute  the  groundwork  of  Herlng*s  theory)  is  that  of 
a  reversible  chemical  action.  In  this  he  Is  following  closely  upon  the  most 
recent  ideas  of  the  chemists,  as  set  forth  by  Nernst  and  Ostwald. 

The  extraordinary  fact  of  color-vision  —  that  certain  pairs  of  colors, 
not  to  be  distinguished  beforehand  from  any  other  pairs,  completely  dis- 
appear when  seen  together  —  is  what  must  first  be  reasonably  accounted 
for  by  any  theory.  (Such  pairs  of  colors  cannot  be  called  either  comple- 
mentary colors,  or  antagonistic  colors,  without  committing  one's  self  to  one 
or  the  other  of  the  two  classes  of  theory  regarding  color.  Tliey  might 
perhaps  be  called,  ad  interim,  the  disappearing  colors.)  The  existence  of 
the  **  disappearing  color-pairs"  is  well  explained  by  the  theory  of  Profes- 
sor Miiller,  far  better  than  by  that  of  Hering.  But  Mliller  follows  the 
worst  defect  of  Hering  in  regarding  black  and  white  as  due  to  an  exactly 
similar  retinal  process  with  that  which  produces  a  disappearing  color- 
pair.  This  defect  made  Hering's  theory  impossible  of  acceptance  to  any 
one  with  a  keen  sense  for  logical  harmony^  it  is  technically  overcome,  in 
the  theory  of  Miiller,  by  supposing  that  there  is  a  constant  production  of 
a  grey  sensation  in  the  cortex  (or  some  other  of  the  higher  centres)  and 
that  black  and  white,  which  destroy  each  other  in  the  retina  when  pres- 
ent in  equal  amounts,  affect  this  cortical  excitation  by  way  of  addition  or 
subtraction,  according  as  one  or  the  other  of  their  underlying  processes 
is  going  on  in  the  retina  in  excess.  This  is  ingenious  —  the  trouble  with 
it  Is  that  It  Is  too  ingenious.    There  is  no  sufficient  reason  for  regarding 

>  The  term  light-sense  (which  Is  formed  in  correspondence  with  temperature-sense) 
is  what  it  has  become  necessary  to  substitute  for  what  was  formerly  called  color-sense. 
It  was  once  believed  that  black  and  white  and  all  the  intermediate  series  of  greys 
were  made  up  out  of  a  mixture  of  the  sensations  of  color;  they  coald  then  be  included 
under  the  term  color-sense.  But  they  have  now  been  restored  to  their  rightful  position 
of  dignity,— they  are  known  to  be,  as  sensations.  Independent,  and  most  Important.  All 
the  sensations  given  us  by  light  could  be  subsumed  under  the  color -sense  and  the  grey - 
sense  (Including  the  end  members  of  the  series,  black  and  white,  in  the  term  grey), 
but  they  can  be  more  briefly  summed  up  as  the  light-sense. 
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black  and  white  as  being  caused  by  antagonistic  chemical  processes  —  they 
are  not  a  disappearing  pair.  They  are  exactly  similar  in  appearance,  in 
their  intermediate  stages,  to  any  one  of  the  non-antagonistic  pairs,  as  blue 
and  green,  but  not  to  blue  and  yellow.  The  apparent  antagonism  which 
they  show  in  the  phenomena  of  contrast  Is  fictitious.  Professor  Miiller 
Is  able  to  get  around  this  difficulty,  it  is  true,  but  it  is  better  not  to  intro- 
duce a  difficulty  which  exists  merely  for  the  sake  of  exhibiting  one's 
skill  in  overcoming  it.  Tlie  existence  of  the  two  different  types  of  par- 
tial color  blindness  can  only  be  explained  on  this  theory,  by  extremely 
Intricate  and  improbable  ad  hoc  hypotheses.  The  theory  is,  therefore, 
though  it  is  far  better  than  the  theory  of  Hering,  not  a  theory  which  can 
be  accepted. 

The  value  of  a  new  theory  by  which  it  Is  proposed  to  account  for  a 
connected  group  of  mysterious  facts  can  only  be  properly  estimated  when 
it  is  contrasted  with  the  other  theories  which  it  is  proposed  that  it  should 
displace.  The  honored  Vice  President  of  this  Section  has  maintained  for 
some  years  that  tl)e  best  theories  of  the  color-sense  are  that  of  Donders, 
that  of  Wundt,  and  that  of  Ladd- Franklin;  in  this  opinion  the  present 
speaker  most  heartily  concurs. 


The  Norsemen,  the  conquerors  of  Britain.    By  Paul  du  Chaillu. 
New  York,  N.  Y. 


The   disappeabance  of  the  cuff  dwellers.    By  D^iRfi  Charnat, 
Paris,  France. 


Is  THE  STRINGED   MUSICAL  INSTRUMENT  PRE-COLUMBIAN?      By    Prof.    ED- 
WARD S.  Morse,  Salem,  Mass. 


ZuNi  WITCHCRAFT.    By  Matilda  Coxe  Stevenson,  Bureau  of  American 
Ethnology,  Washington,  D.  C. 


Problem  of  the  Rechahecrian  Indians  of  Virginia.    By  William 
Wallace  Tookeb,  Sag  Harbor,  N.  Y. 

[Published  in  the  American  Anthropologist,  Sept.,  1898.] 


Agency  of  the  moon  among  primitive  peopi^s.    By  R.  J.   Flood y, 
South  Ashburnham,  Mass. 
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PflTSIOAL  DIFFERBNCB8  BETWEEN  WHITE  AND  COLORED  CHILDREN,  OF  THE 
SAME  8EXE8   AND   THE  SAMS  AGES.       Bj   Dr.    ALES   HrDLICKA,   FathO- 

logical  Institute  of  the  State  Hospitals,  New  York,  N.  Y. 

The  writer  presents  a  study  of  the  more  stable  differences  of  a  physi- 
cal nature  which  can  be  observed  between  white  and  blacic  children. 

The  study  is  a  result  of  investisation  of  fourteen  hundred  children,  of 
whom  about  three  hundred  were  negroes.  The  children  ranged  from  three 
years  of  age  to  beyond  the  ages  of  puberty. 

The  differences  found  in  the  two  classes  of  children  may  be  arranged 
into  those  which  are  observed  equally  in  both  sexes,  and  those  which  are 
prevalent  in  either  the  boys  or  the  girls. 

DIFFERENCES  WITHOUT  REGARD  TO  THE  SEX  OR  THE  AGE  OF  THE  CHILDREN. 

The  white  children  show  more  diversity ,  the  negro  children  more  uni- 
formity in  their  normal  physical  characters.  This  fact  becomes  gradu- 
ally more  marked  as  we  advance  with  the  age  of  the  children. 

SIZE  OF  THE  BODY. 

The  form  of  the  head  is  much  less  variable  in  the  colored  children  than 
it  is  in  the  American-born  white  children.  A  pure  colored  child  shows 
mostly  a  long  and  naiTow  head,  whilst  the  normal  white  American  child 
will  show  us  everything  from  a  pronounced  short-head  to  high  dolicho- 
cephaly. 

The  forehead  is  in  average  slightly  narrower  in  the  negro  child  than  it 
is  in  the  white.    Its  average  height,  however,  is  not  smaller. 

The  face  of  the  colored  children  is  generally  more  prognathic  than  that 
of  white  children.    The  prognathism  is  both  facial  and  alveolar. 

The  malar  bones  are  somewhat  more  prominent  in  the  colored  child,  but 
the  difference  is  not  so  great  as  that  which  may  be  observed  between  chil- 
dren of  the  yellow  and  the  white  races. 

The  nose  In  the  negro  is  frequently  shorter  and  generally  somewhat 
lower  and  broader  than  the  nose  of  the  white  child.  These  differences 
Increase  with  the  age. 

The  lips  of  the  colored  children  are  very  prominent.  Their  mouth  is 
broader  and  also  more  spacious  antero-posteriorly  than  that  of  white 
children.  In  colored  subjects  the  palate  is  longer  than  it  is  in  the  white  and 
is  more  regular.  The  uvula  in  the  colored  is  in  the  average  shorter  and 
less  frequently  deflected. 

The  teeth  of  the  negro  children  are  frequently  stronger  and  healthier 
than  are  those  of  white  children.  Irregularities  in  the  setting  of  the  front 
teeth,  which  are  so  frequent  in  white  subjects,  arc  rather  rare  among  the 
colored.  The  cutting  of  the  various  teeth  is  also  more  regular  in  the  col- 
ored. 

The  lower  jaw  is  somewhat  higher  in  the  negro  child  than  it  is  in  the 
average  white  one,  and  the  lower  maxilla  is  a  little  stronger  in  the  former. 
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The  ears  of  the  negro  deserve  special  notice.  They  are  In  average 
smaller  than  the  ear  of  the  whites,  and  they  show  In  many  cases  a  marked 
and  almost  specific  character,  which  is  but  rarely  seen  in  the  white.  This 
character  consists  In  the  helix  being  bent  on  itself  and  compressed  at  the 
highest  fourth  of  the  ear. 

The  body  in  the  two  classes  of  children  shows  marked  differences  and 
some  of  these  differences  are  more  marked  in  children  of  certain  ages 
than  they  are  in  adolescents  or  in  adults.  These  differences  are  much 
more  marked  in  the  female  children  than  they  are  in  the  male. 

In  general,  the  body  of  the  negro  child  shows  less  adipose  tissue  and 
relatively  more  muscular  development.  The  weight  of  the  white  child  is 
in  the  average  at  all  ages  slightly  greater ;  nevertheless  the  negro  children 
of  all  ages  and  both  sexes  are  in  average  three  to  four  pounds  stronger 
in  either  hand  than  the  white  children  of  same  sex  and  ages.  The  chest 
of  the  colored  children  is  somewhat  deeper. 

The  pelvis  in  the  colored  child  is  more  inclined  forwards  than  that  of  the 
white  child,  and  this  is  true  in  both  sexes.  This  inclination  gives  rise  to 
a  greater  prominence  of  the  buttocks  In  the  negro. 

The  arms  of  the  colored  child  are  slightly  longer  than  are  those  of  the 
white,  and  the  arm-spread  of  the  negro  is  relatively  greater.  Both  hands 
and  feet  are  longer  iii  the  colored  than  they  are  in  the  white  child. 

The  thighs  of  the  negro  child  show  remarkable  difference  from  those  of 
the  white.  They  appear  not  unlike  the  thighs  of  a  frog,  being  most  prom- 
inent in  the  middle.  This  character  is  due,  as  the  writer  found  by  com- 
parative measurements,  to  a  higher  curvature  of  the  thigh  bone  in  the  col- 
ored. 

The  legs,  as  were  shown  by  actual  measurements,  are  somewhat  smaller 
in  the  negro  child  than  they  are  In  the  white. 

The  lower  extremities  of  the  colored  children  are  regularly  longer  than 
are  those  of  the  white.  Their  length  Increases  regularly  In  both  white 
and  colored  subjects,  through  the  whole  childhood. 

DIFFKRBNCKS  PBGULIAR  TO  BOYS. 

The  negro  boy  is  generally  well  built,  lean  and  muscular.  The  body, 
unlike  that  of  many  normal  white  bo,^  s,  is  straight  and  symmetrical.  The 
lumbar  curve  is  more  pronounced,  and  the  buttocks  are  more  prominent. 
The  penis  is  longer  than  that  of  a  corresponding  white  boy. 

DIFPKRENCBS  FRCULIAR  TO  FEMALE  GHILDRKN. 

The  colored  girl,  before  the  age  of  puberty,  and  sometimes  beyond  this 
period,  is  a  great  deal  more  the  shape  of  a  boy  than  is  the  case  with  the 
white  girl.  Among  white  children,  girls  showing  decided  feminine  char- 
acters, that  is,  feminine  thorax,  waist  distinctly  narrowed,  and  large  hips, 
can  be  seen  as  early  as  the  eighth  year  of  life.  Among  negro  female  chil- 
dren these  characters  do  not  generally  become  manifest  after  twelve  years 
or  even  much  later. 

The  inclination  of  the  pelvis  In  the  female  colored  child  is  very  apparent. 
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The  origin  of  the  confederacy  or  the  nvs  nations.    By  Ch.  U. 
Hennino,  New  York,  N.  Y. 

When  I  recently  visited  the  Onondaga  Indian  reservation,  I  tieard  from 
chief  Daniel  La  Fort  the  following  story  about  the  origin  of  the  confed- 
eracy of  the  five  nations : 

A  little  over  three  hundred  years  ago,  one  of  oar  forefathers,  who  was 
an  Onondaga,  and  whose  name  was  Hia-wa-tha,  met  the  Mohawk  for  the 
purpose  to  get  married ;  he  raised  quite  a  family,  but  his  wife  became  sick 
and  died  and  he  became  a  widower.  Soon  after  her  death  he  began  to 
travel. 

The  law  at  the  time  when  Hia-wa-tha  lived  did  not  allow  to  anybody  to 
appear  before  the  people  for  the  space  of  one  year  and  forced  the  person 
to  live  at  a  place,  wliere  he  could  not  be  seen  by  the  people. 

When  Hia-wa-tha  now  was  a  widower  he  followed  this  law  and  held 
himself  secretly  for  one  year. 

Furthermore  it  was  the  law  at  that  time,  that  the  people,  that  held  the 
authority  of  the  nation,  would  come  to  the  mourning  person  and  say : 
**  we  will  enjoy  together  in  some  way."  But  it  was  not  so,  when  Hia-wa- 
tha*s  time  was  expired.  He  also  had  expected,  that  the  people  would  come 
to  him  and  say :  "we  will  enjoy  together,'*  but  nobody  came.  He  was 
patiently  waiting  at  his  secret  place  and  said  to  himself:  **  the  people  do 
not  regard  me  as  a  useful  man,  as  I  always  was  among  the  nation."  Then 
he  made  up  his  mind,  that  he  would  appear  in  other  places ;  he  started  en- 
tirely alone  and  came  to  Oneida.  He  saw  there  a  group  sitting  close  by  a 
tree  and  asked  them,  **  What  are  you  doing  here  ?"  They  said :  **  we  are 
hiding  the  body  of  the  tree,  so  that  the  wind  will  not  strike  us."  And  he 
said  to  them  **  I  shall  call  you  a  large  body  of  trees  "  (ni-ha-di-Sn-da-go'-na) . 

Then  he  saw,  travelling  further,  a  group  of  people  lying  on  the  ground ; 
he  asked  the  same  question.  "We  are  hiding  against  the  wind  on  the  hill 
side,"  they  answered.  **  I  shall  call  you  a  hilly  people  "  (Onondaga),  Hia- 
wa-tha  said. 

Then  he  went  by  the  C&yuga  lake  and  asked  the  people  there  the  same 
question.  They  answered,  that  they  lived  close  by  the  lake.  I  shall  call 
you  "  C&yuga  Lake  Indians."  Then  he  went  down  at  Geneva,  where  the 
Seneca  Indians  had  a  reservation  and  asked  people  the  same  question. 
They  answered  that  they  kept  the  door  of  the  West;  they  had  a  kind  of 
a  fort,  where  they  could  be  preserved  before  the  wild  enemies  and  they 
had  a  place  on  the  western  side,  where  they  could  go  out  and  in.  Then 
he  said :  I  shall  call  you  "  doorkeepers."  And  he  said,  it  will  be  the  same 
at  the  eastern  part  of  the  reservation,  where  the  Mohawks  guard  the  en- 
trance of  the  East.  So  the  C&yugas  became  the  doorkeepers  of  the  West 
and  the  Mohawks  those  of  the  East. 

This  was  his  second  visit  among  the  Mohawks. 

And  he  left  again  the  Mohawks  and  went  away  in  a  canoe ;  while  he  was 
paddling,  he  saw  people  close  by  the  water  and  asked  them,  "  What  are 
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yoa  doing  there  ?  ^'  They  replied :  **  Oar  special  business  is  hanting  for 
wolf.**  He  saw  indeed  many  wolves  lying  on  the  ground.  Then  he  said: 
•*I  shall  chU  you  a  wolf  clan."  This  was  the  first  time,  that  the  name  */clan" 
was  given,  but  it  is  unknown  to  which  tribe  the  name  was  given.  Then 
he  said :  **  Whenever  you  build  a  wigwam,  all  of  the  wolf  clan  shall  stay 
together  and  you  must  set  up  a  pole,  high  enough  that  you  may  see  the 
idol  of  a  wolf  on  the  top  of  the  pole  and  so  people  wiU  know,  to  what 
clan  you  belong." 

And  Hia-wa-tha  went  further  and  saw  other  people,  peeling  barks  with 
turtles  and  asked  them  the  same  question.  **  We  are  peeling  barks  with 
the  turtle,"  they  replied.  **  So  I  shall  call  you  a  turtle  clan,"  Hia-wa-tha 
said,  **  and  whenever,  etc." 

In  the  same  way  Hia-wa-tha  gave  the  name  of  a  beaver  clan,  a  bear 
clan,  a  deer  cUn,  an  eel  clan,  a  snipe  clan  and  a  small  spotted  turtle  clan, 
to  the  different  people  he  met  in  his  further  voyaue. 

And  he  said  then  to  the  people :  *'  I  have  finished  my  work  in  forming 
the  different  clans ;  you  will  not  see  me  immediately  again,  because  I  have 
to  form  a  law  of  government  for  the  different  clans."  And  then  he  went 
further  and  gathered  the  small  shells  on  the  banks  of  the  river  and  made 
strings  of  different  length  and  width,  and  built  himself  a  wigwam  and 
retired  secretly  into  it. 

And  the  people  staying  outside,  saw  Hia-wa-tha  sitting  in  the  wigwam 
and  saw  how  he  read  the  different  strings,  of  which  he  had  made  one  for 
each  clan.  And  the  wampums  he  was  making  were  proposed  to  be  the 
different  laws  for  the  different  clans. 

And  the  people  went  back  to  their  tribes  and  told  to  the  principal  men 
what  they  had  seen  and  heard.  And  the  principal  men  said :  **  We  must 
invite  that  man  to  provide  a  council."  And  they  proposed  that  a  general 
council  should  be  held  and  informed  the  people  that  Hia-wa-tha  should 
tell  what  he  proposed  to  do. 

And  they  selected  certain  men  to  invite  Hia-wa-tha  by  a  verbal  invita- 
tion to  attend  the  general  council.  But  when  the  people  came  together  to 
attend  the  council  Hia-wa-tha  did  not  come. 

And  the  people  sent  another  spy  to  his  place  to  stay  outside  of  his  wig- 
wam and  to  listen  to  what  Hia-wa-tha  would  say.  And  the  man  heard  that 
he  complained  to  himself  that  the  people  had  invited  him  only  by  a  verbal 
invitation  and  had  nothing  to  show.  **  If  they  would  have  been  wise  enough 
they  should  have  made  some  string  of  shells  and  also  a  small  stick  on 
which  the  string  of  shells  had  been  fastened,  and  on  this  stick  they  ought 
to  have  made  marks  to  see  on  which  day  the  meeting  should  take  place." 

And  the  man,  who  had  listened  to  what  Hia-wa-tha  said  to  himself,  went 
back  to  the  people  and  told  what  he  had  heard.  And  they  did  as  Hia- 
wa-tha  said,  and  sent  a  man  with  a  wampum  stick;  when  he  came  to 
Hia-wa-tha  he  said :    **  This  is  the  way  I  ought  to  be  invited." 

Then  there  was  a  great  council  meeting  of  all  the  people,  and  Hia-wa- 
tha  came  also,  and  asked  them  whnt  was  the  proposition  they  had  invited 
him  for.    One  of  the  members  of  the  council,  selected  as  their  speakcTf 
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stocNt  np  and  said :  '*  We  have  heard  that  yoa  are  working  something  of 
a  very  important  business,  and  we  are  very  anzions  to  know  what  it  is 
about."  Hia-wa-tha  said :  **  It  is  true,  I  am  working  to  make  If  possible 
an  organization  for  your  people,  and  also  for  the  other  tribes,  for  the  pur- 
pose to  unite  all  the  five  nations."  Then  the  speaker  said:  "That  is 
true ;  we  are  at  present  in  a  state  of  terror,  we  are  unsafe,  and  are  fight- 
ing against  each  other.  This  must  be  stopped."  Hia-wa-tha  said :  *•  If 
you  will  accept  my  proposition,  go  back  with  me  whence  I  came,  and  I 
shall  try  to  unite  the  minds  of  the  five  different  nations  and  to  bring 
them  together." 

And  they  resolved  to  go  back  with  him. 

And  it  was  concluded,  that  at  the  place  where  the  Onondagas  lived,  the 
great  council  of  the  five  nations  should  take  place.  But  In  the  first  coun- 
cil they  were  not  able  to  create  a  government  for  the  five  nations,  and  so 
a  second  council  was  convoked.  In  the  second  council  there  was  con- 
cluded, that  the  five  nations  should  be  considered  as  one  confederacy ;  but 
also  In  this  second  council  they  did  not  make  a  government  for  the  five  na- 
tions. And  therefore  they  concluded  that  a  third  and  last  general  council 
should  be  held  to  finish  the  entire  work  of  the  conslltutlon. 

This  last  general  council  took  place  where  there  Is  to-day  the  city  of 
Syracuse  at  the  place  between  corner  of  Warren  street  and  Tennessee 
street. 

At  this  last  council  they  made  as  a  rule  to  have  chiefs,  *'  a  certain  num- 
ber for  each  clan." 

And  at  that  time  they  made  wampums  of  bones  In  place  of  wampum  of 
shells,  **  because  they  would  be  more  durable,"  they  said. 

The  number  of  the  chiefs,  Mohawks  nine,  Oneidas  nine,  Onondagas  four- 
teen, C&yugas  nine,  Senecas  eight,  has  been  maintained  up  to  this  time. 

And  Hla-wa-tha  said  when  ihey  elected  the  chiefs :  **  There  shall  be 
one  head  chief  for  each  tribe  and  nation.  He  is  the  only  person  to  notify 
the  Important  business  to  be  transacted." 

And  Hla-wa-tha  was  made  the  head  man  of  the  head  chiefs  among  the 
Mohawks. 

And  the  Oneida  elected  da-dje'-tC  as  their  head  chief. 

The  Onondaga  selected  a  very  strange  looking  man,  ta-do-da'-ho,  as  their 
head  chief.  For  a  while  he  lived  amon<;  the  Onondagas,  but  afterwards 
he  disappeared.  But  the  name  ta-do-da'-ho  still  continued,  and  when  a 
man  should  overtake  the  office  of  a  head  chief  of  the  Onondagas,  then  he 
shall  be  called  ta-do-da'-ho. 

Then  illa-wa-tha  created  the  position  of  a  king  of  the  five  nations. 

The  Cftyugas  also  appointed  one  head  chief  with  the  authority  of  the 
tribe,  and  called  him  ha-ga-&'"-yuk. 

The  Seneca  selected  two  men  as  doorkeepers. 

Then  Hia-wa-tha  ordered  the  rules  of  the  condolence  meeting  by  which 
the  new  chief  was  selected  In  the  place  of  the  deceased. 

Then  Hla-wa-tha,  after  having  finished  his  great  work  of  the  organiza- 
tion, said  to  his  people :    **Thls  law  shall  operate  as  long  as  the  five  na- 
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tions  exist,  and  it  will  end,  when  tlie  world  will  end  too."  And  then  he 
bade  his  farewell  to  the  people  and  was  talcen  np  in  l^is  white  canoe  to 
the  heaven. 

The  **  Holder  of  the  Heavens,"  to  whom  the  foundation  of  the  confeder- 
acy Is  also  contributed,  lived  long  before  Hia-wa-tha.  Between  them  both 
is  quite  a  space.  The  first  was  a  superhuman  being,  who  destroyed  the 
numerous  monsters,  but  he  made  no  constitution. 


The  survival  of  African  music  in  America.    By  Mrs.  Jeannkttr  Rob- 
inson Murphy,  New  York,  N.  Y. 


The  cerkmoniks  of  the  Sacred  Polk  of  the  Omaha  tribe.    By  Fran- 
CIS  La  Flksche,  Indian  Bureau,  Washington,  D.  C. 

The  paper  opened  with  a  description  of  the  Omaha  tribe  upon  one  of 
its  annual  buffalo  hunts,  at  which  time  the  Sacred  Pole  accompanied  the 
people  and  was  the  object  of  reverent  care.  The  writer  was  then  a  l)oy 
and,  curiously  interested  in  observing  the  old  priest  and  his  mysterious 
burden,  he  graphically  detailed  a  purification  ceremony  in  which  he  took 
part  nnd  which  was  made  necessary  by  his  accidentally  touching  the  Sa- 
cred Pole.  The  great  tribal  religious  festival  of  anointing  the  Sacred  Pole 
was  also  described  from  memory,  presenting  an  authentic  account  of  a 
ceremony  that  is  forever  lost,  and  has  not  been  observed  for  over  twenty 
years.  A  brief  history  of  the  change  that  has  taken  place  in  the  life  of 
the  tribe,  causing  the  loss  of  the  tribal  rites,  was  given  also  the  story  of 
the  preservation  of  the  Sacred  Pole  through  these  vicissitudes,  together 
with  a  narration  of  the  writer's  final  success  in  1888,  when  he  induced 
the  keeper  of  this  sacred  object  to  place  it  in  the  Peabody  Museum,  Har- 
vard University,  for  safe  keeping.  After  many  efforts,  during  the  past 
ten  years,  to  recover  the  ritual  of  the  Sacred  Pole  the  writer  finally 
secured  it  during  June  of  this  year,  by  aid  of  the  graphophone.  Mr.  La 
Flesche  then  gave  the  ritual,  translating  it,  and  explaining  its  meaning, 
both  by  reference  to  the  accompanying  acts  of  the  ceremony  as  seen  by 
him  when  a  boy,  and  by  the  interpretations  given  him  by  the  old  priest 
from  whom  the  ritual  was  secured. 

The  paper,  together  with  other  information  relating  to  the  Sacred  Pole, 
and  a  complete  transcription  of  the  ritual,  words  and  music,  will  be  pub- 
lished by  the  Peabody  Museum,  Harvard  University. 


Study  of  normal  white  tibia.    By  Dr.  Ales  Hkdlicka,  Pathological 
Institute  of  the  New  York  State  Hospitals,  New  York,  N.  Y. 

The  study  of  the  tibia  is  one  of  a  series  of  investigations  which  the 
writer  is  carrying  on,  on  the  large  collection  of  normal  bones  in  the  New 
York  College  of  Physicians  and  Surgeons. 
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Tiie  records  represent  an  analysis  of  the  examination  of  about  iwd 
thoasand  adult  normal  bones  of  the  white  people  of  various  nations  and 
both  sexes,  and  they  show  the  variations  in  the  shape  and  in  the  siz^  of 
the  tibia,  which  may  occur  in  the  normal  white  subject. 

The  most  striking  thing  about  the  normal  white  tibia  is  the  number  of 
variations  to  which  its  shape  is  subject.  The  bone  is  hardly  ever  ^xabtly 
alike  in  any  two  skeleton:),  and  it  will  occasionally  differ  to  a  marked  de- 
gree within  the  same  body. 

The  differences  in  the  extremities  of  the  bone  are  relatively  of  a  sm&ll 
proportion.  The  variations  in  the  shape  of  the  shaft  are  very  numerous } 
they  can  best  be  appreciated  when  we  study  the  shaft  in  a  trans vieirse 
section,  and  especially  when  this  section  is  made  at  the  measured  middle 
of  the  bone.  The  lower  part  of  the  tibia  is,  as  a  rule,  less  well  defined 
than  its  middle,  and  the  upper  part  of  the  bone  is,  in  very  many  cases, 
disturbed  in  its  shape  by  a  greater  or  lesser  overgrowth  of  the  oblique 
ridge  of  the  soleus. 

Although  variations  In  the  shape  of  the  sections  of  the  shaft  of  the 
tibia  are  almost  endless,  yet  many  of  these  variations  are  only  of  a  Sec- 
ondary character,  and  the  writer  is  able  to  reduce  the  shapes  of  the  bone 
into  six  principal  groups  or  types.  (Illustration  of  these  types  by  plaster 
of  Paris  sections  at  the  middle  and  ))y  drawings.) 

The  shape  of  the  shaft  which  occurs  most  frequently  in  both  the  white 
male  and  the  female  is  that  of  a  prism.  About  three-fifths  of  all  tibi® 
are  of  this  variety,  but  the  prism  shows  two  very  pronounced  differences. 
In  a  certain  number  of  cases  the  outline  of  the  prism  will  approach  more 
or  less  that  of  a  right  triangle.  In  the  second  class  of  prisms,  the  pos- 
terior surface  will  face  backwards  and  outwards,  and  the  base  of  the 
triangle  is  formed  by  the  internal  instead  of  by  the  posterior  surface  of 
the  tibia. 

Numerous  cases  present  a  transition  between  the  two  types  of  a  prism. 

The  next  modification  of  the  shaft  is  a  pronounced  concavity  involving 
the  upper  two-thirds  of  the  external  surface  of  the  tibia.  The  most 
pronounced  concavity  is  met  with  more  frequently  in  the  male  than  in  thci 
female.  It  affects  almost  generally  both  the  tibise  in  the  same  subject  and 
it  reaches  the  highest  degree  in  bones  that  show  external  curvature.  Slight 
concavity  of  the  exterior  surface  is  quite  common. 

The  fourth  variety  is  a  more  or  less  quadrangular  shaft.  The  poste- 
rior surface  of  the  bone  in  these  cases  is  divided  by  a  vertical  ridge,  de- 
scending from  the  oblique  ridge  into  two  distinct  surfaces.  This  type  is 
but  seldom  seen  in  the  female  tibia. 

The  fifth  type  of  the  tibia  is  that  where  the  interior  border  is  indistinct 
and  the  posterior  surface  and  sometimes  the  whole  posterior  half  of  the 
bone  is  convex  or  oval.  This  variety  of  the  tibia  is  almost  entirely  re- 
stricted to  the  female  sex. 

The  last  variety  of  the  tibisB  includes  those  cases  where  the  shape  of 
the  shaft  is  irregularly  oval.  These  sections,  but  not  the  whole  bones,  ap- 
proach closely  the  sections  obtained  on  the  tibiae  of  the  gorilla.   Among  the 
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whites,  tibis  of  this  Batare  are  but  rare  exceptions,  but  they  are  frequently 
met  with  among  the  negroes. 

The  size  of  the  tibiae  shows  also  many  yariations. 

All  the  measures  differ  very  frequently  not  only  in  diifierent  subjects  but 
also  on  the  two  sides  in  the  same  body.  The  left  tibia  is  in  both  sexes, 
in  average,  slightly  longer  but  to  this  there  are  many  individual  excep- 
tions.   The  average  male  tibia  is  distinctly  longer  than  that  of  the  female. 

The  average  measure  of  the  male  tibia  on  the  right  was  86.45  cm. ;  on 
the  left,  36.48.  In  the  female  the  right  tibia  measured  on  an  average 
84.5;  the  left  34.6. 

The  scale  of  length  in  the  male  varies  from  81.0  to  45.5  cm.  and  in  the 
female  from  28.0  to  39.0  cm.  In  the  male  the  right  tibia  was  found  longer 
in  42.8  per  cent  of  the  cases ;  the  left  longer  in  25  per  cent ;  equal  length 
in  28.6  per  cent  of  the  ca^es.  In  the  female  the  right  bone  was  the  longer 
in  31.8  per  cent;  the  left  in  54.5  per  cent;  the  bones  were  equal  in  13.6  of 
the  cases.    There  are  some  racial  variations  in  the  length  of  the  tibia. 

Measures  as  to  the  strength  of  bone  were  taken  both  at  the  middle  and 
at  the  height  of  the  nutritive  foramen. 

The  writer  advises  that  a  preference  be  always  given  to  the  measures 
on  the  determined  middle  of  the  tibia,  as  they  were  found  to  be  by  far 
the  more  stable  measures.  The  measures  at  the  nutritive  foramen  are  in 
almost  sixty  per  cent  of  cases  influenced  by  the  oblique  ridge. 

Another  objection  is  that  thenutritiye  foramen  lies  in  various  distances 
from  the  upper  articular  surface  of  the  tibia.  This  distance  differs  both 
in  different  subjects  and  in  the  tibiae  of  the  same  skeleton.  In  about  one 
per  cent  of  cases  the  foramen  will  be  double. 

The  measures  taken  at  the  middle  of  the  tibia  show  the  following  pro- 
portions : 

The  average  antero  posterior  diameter  at  this  height  is  in  the  male,  on 
the  right,  3. 13  cm. ;  on  the  left,  3. 1 4  cm.  In  the  female,  the  antero-posterior 
diameter  is  on  an  average,  on  the  right,  2.72  cm. ;  on  the  If'ft,  2.57  cm. 

The  variations  in  the  male  are  from  2.6  to  3.7  cm. ;  in  the  female  from 
2.0  to  3.3  cm. 

The  lateral  diameter  of  the  tibia  average,  in  the  male,  on  right  2.24  cm. ; 
on  left  2.2  cm.  In  female,  on  right  2.05  cm. ;  on  left,  1.86  cm.  The  va- 
riation of  this  measure  is  from  1.7  to  2.95  cm.  in  the  male,  and  from  1.8 
to  2  2  cm.  in  the  female.  Equal  height  and  width  of  the  bone  on  both 
sides  in  the  same  subject  were  observed  with  the  height  in  14.7  per  cent  of 
the  male,  and  52.4  per  cent  of  the  female,  with  the  width  in  15.4  per  cent 
in  male  and  38.1  per  cent  of  the  female. 

The  measures  at  the  nutritive  foramen  ~  those  which  are  unaffected 
by  the  popliteal  ridge  — are  generally  greater  than  the  corresponding 
measures  at  the  middle.  The  average  difference  in  the  height  is,  in  the 
male  about  5  mm. ;  in  the  female  about  2  mm.,  while  the  average  excess 
of  width  amounts  in  the  male  to  a  little  over  3  mm.  and  in  the  female  to  a 
little  less  than  2  mm.  At  the  nutritive  foramen  the  tibia  is  in  average 
relatively  somewhat  higher  and  narrower  than  it  is  at  the  middle.    The 
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width-height  index  at  the  middle  in  the  male  averages  71.1,  while  that  at 
the  nutritive  foramen  averages  but  70%.  The  same  indexes  in  the  female 
arc  respectively,  71.9  and  69.6.  Thus  it  may  be  said  that  tl^e  tibia,  whilci 
it  is  in  both  sexes  of  about  the  same  proportionate  thickness,  is  in  both 
sexes  about  2  or  8%  more  platlcni^mic  at  the  nutritive  foramen  than  It  is 
at  the  middle. 

Platness  of  the  tibia  is  very  rare  in  the  whites ;  it  is  also  rare  in  the 
negroes. 

As  to  tlie  slgniflcation  of  the  above  studies,  the  author  states  the  fol- 
lowing : 

The  variations  of  tibia  are  much  more  numerous  In  individuals  of  "the 
white  races  than  they  are  in  any  other  races  in  which  he  had  an  opportu- 
nity to  examine  the  tibia.  In  both  the  pure  negro  and  in  the  American 
Indian  the  shapes  of  the  bone  are  fewer. 

The  male  tibia  is  in  the  average  better  differentiated  than  that  of  the 
female.  This  is  partly  due  to  the  greater  muscular  activity  of  the  male, 
and  partly  to  a  persistence  in  the  female  tibia  of  more  or  less  of  the  in- 
fantile character  of  the  bone. 

The  source  of  the  numerous  variations  of  the  shape  of  the  tibia  is  not 
definitely  known. 

The  considerable  want  of  regularity  in  the  length  and  in  the  strength 
of  the  tibia  on  the  two  sides  of  the  body  leads  the  writer  to  believe  that 
such  differcpces  are  in  many  instances  due  not  to  inborn  conditions,  but 
to  acquired  habits  of  the  individual  and  also  to  his  occupation. 


The  illusions  of  craniomrtry.     By  Dr.  Frank  Bakbr,  Washington, 
D.  C. 

The  various  metrical  inventions  for  estimating  the  specific  character- 
istics of  the  human  skull,  such  as  the  facial  angle,  the  occipital  angle,  the 
auricular  radii  and  the  numerous  indices,  have  not  proved  satisfactory  and 
cannot  be  relied  on  as  distinctions  of  race.  This  shows  that  the  races 
are  zoological  varieties  not  yet  sufficiently  fixed  to  admit  of  definite  deter- 
mination. 


On  the  origin  of  the  family.    By  H.  Solotaroff,  M.D.,  New  York, 
N.  T. 

The  primary  sexual  relations  among  primitive  man  and  woman  issue 
from  the  bio- psychic  peculiarities  of  the  individuals  to  be  so  related. 
They  —  the  relations  —  are  the  resultant  of  the  definite  bio-psychic  pecul- 
iarities of  the  male  and  female  as  they  have  been  inherited  from  anima^ 
ancestry. 
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That  these  sexual  relations  seem  to  be  formed  and  chanf?ed  under  the 
constant  pressure  of  the  social  sentiment  which  is  Inherent  to  animal  life. 
That  due  to  these  bio-psycliic  peculiarities  the  sexual  relations  of  the  prim- 
itive male  and  female  have  been  temporary,  lasting  a  longer  or  a  shorter 
period,  but  always  contracted  freely  and  as  freely  dissolved.  That  certain 
evidence  in  the  very  primitive  ethnic  group,  as  well  as  certain  survival 
customs  among  savages  of  higher  social  development,  prove  this  conclu- 
sion. 

Moreover,  certain  undeniable  facts  in  the  life  of  the  savage  point  to 
promiscuous  intercourse  of  the  sexes,  but  a  careful  study  of  the  phenome- 
non* would  show  that  it  has  not  existed  as  a  separate  state  In  the  evolution 
of  the  family,  but  that  it  is  an  incidental  occurrence  in  the  life  of  the  sav- 
age, resulting  from  the  ecstasy  of  play, 

[Published  in  the  American  Anthropologist,  August,  1898.] 


Anthropology,  not  sociology,  as  an  adequate  philosophy  of  hu- 
man LIFE.    By  Daniel  Folkmar,  Milwaukee,  Wis. 

Sociology  is  proving  to  be  a  disappointment,  now  that  it  has  been  given 
a  place  largely  In  American  universities.  Its  doctrine  of  the  social  or- 
ganism leads  to  socialism.  It  overlooks  the  Importance  of  individual  ac- 
tivities. Recent  French  and  Russian  writers  have  practically  settled  this 
question.  They  have  shown  that  **  social  phenomena"  can  be  reduced  to 
the  psychical  phenomena  of  individuals.  The  **  social  organism"  is  an 
analogy,  a  fiction. 

The  **  new  anthropology,"  now  being  developed  by  the  Americans  Brin- 
ton,  Powell,  McOee  and  others,  bids  fair  to  became  a  broader  and  more 
satisfactory  philosophy  of  human  life  than  sociology  can  ever  be.  It  is 
much  broader  than  the  old,  physical  anthropology  of  Europe.  The  chief 
addition  that  must  be  made  is  *'  applied  anthropology,"  or  the  conclusions 
of  anthropology  brought  to  bear  upon  social,  political  and  ethical  ques- 
tions. This  would  provide  a  scientific  basis  for  a  new  or  positive  ethics 
as  the  most  important  undertaking  of  the  scholar  in  the  present  demor- 
alization and  growing  disbelief  in  religious,  ethical,  political  amd  social 
principles  and  institutions. 

So  broad  a  study  of  man  as  this,  including  all  the  questions  and  prob- 
lems of  human  life,  might  well  be  called  philosophical  anthropology.  It 
would  include  the  art  as  well  as  the  science  of  human  life,  the  study  of 
the  individual  as  well  as  of  the  society  and  the  race.  It  would  Include  the 
questions  of  the  nature  of  man,  his  relation  to  his  environment,  his  evo- 
lution and  his  destiny.  To  determine  what  should  be  done  in  any  of  the 
aflTairs  of  the  immediate  present,  as  well  as  what  should  be  aimed  at  as  the 
distant  goal,  we  must  call  in  the  argument  from  evolution  C*  Judge  the  fu- 
ture by  the  past"),  the  argument  from  present  conditions,  as  based  upon 
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a  knowledge  of  human  nature  and  of  social  conditions,  and  lastly  the  ar- 
gument trom  general  philosophy  and  all  related  studies  as  to  what  is  pos- 
sible and  Tight 

The  speaker  illustrated  his  view  of  the  scope  of  philosophical  anthro- 
pology by  a  diagram  of  a  cube.  On  its  face  were  the  following  divi- 
sions or  studies  of  "anthropo-statics,"  or  the  study  of  coexisting  social  and 
human  phenomena  functions  and  activities :  nutrition,  reproduction,  pro- 
tection, innervation,  esthetic  function,  education,  communication,  cere- 
mony, religion,  government  —  all  originating  in  physiological  functions, 
then  becoming  artificial :  structures,  body,  mind,  social  groups,  races,  na- 
tions. The  depth  of  this  cube  represented  **  anthropo-dynamics,*'  or  the 
study  of  the  progress,  evolution,  or  history  of  these  phases  of  human  life. 
It  includes  a  study  of  the  past  (origins,  archffcology,  history),  of  the 
present  (statistics,  ethnography,  political  geography),  and  of  the  future 
(ethics).  The  existing  political  and  social  sciences  were  shown  to  corre- 
spond to  divisions  of  this  scheme,  but  to  be  by  their  very  nature  fragmen- 
tary and  misleading  unless  brought  into  relation  with  the  rest.  Anthro- 
pology, as  thus  studied,  is  the  most  difficult,  as  well  as  the  most  important 
of  all  studies. 


Museum  presentation  of  anthropology.     By  W.  H.  Holmes,  U.  S. 
National  Museum,  Washington,  D.  C. 

I. 
Science  aims  to  examine,  classify  and  elucidate  the  whole  domain  of 
man  and  his  activities ;  to  determine  the  significance  of  every  fact  and 
every  group  of  facts,  and  to  give  the  race  the  benefit  of  the  knowledge 
gained.  It  seeks  to  discover  the  laws  governing  development  and  to  use 
these  in  directing  the  present  and  in  molding  the  future  of  the  race. 

II. 

The  museum  is  one  of  the  most  important  agencies  enlisted  by  Science 
in  this  vast  and  ennobling  work.  It  is  necessary,  therefore,  that  its  func- 
tions be  defined  and  its  methods  perfected.  Science  deals  systematically 
with  all  phenomena,  material  and  non-material,  but  the  Museum  is  con- 
fined in  its  operations  to  the  use  of  material  things  alone.  The  Anthro- 
pological Museum  collects,  preserves,  classifies,  elucidates  by  research, 
describes,  publishes,  and  exhibits  the  material  phenomena  of  the  race, 
and  seeks  by  the  use  of  these  phenomena  to  assist  the  various  other 
agencies  of  culture  in  laying  the  foundation  of  enlightened  knowledge 
upon  which  the  superstructure  of  the  future  of  mankind  is  to  be  erected. 
Collection,  preservation,  investigation  and  exhibition  are  all  essential 
features  of  the  museum,  but  all  these  functions  save  the  last  are  as  well 
subserved  by  the  storehouse  and  laboratory.  It  is  exhibition,  therefore, 
that  characterizes  the  institution  called  a  museum.    The  purpose  of  ex- 
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hibiUon  is  to  educate  by  presenting  the  ripened  results  of  research  to  the 
popular  miud  In  a  way  at  onc«  forcible,  attractive  and  comprehensive. 

It  is  the  place  then  of  thos^  who  manage  the  aflkirs  of  the  museum  to 
decide  what  shall  be  presented  in  the  exhibition  series,  and  how  it  shall 
be  presented.    These  are  the  vital  questions  of  the  museum. 

in. 

If  the  museum  were  to  attempt  to  teach  the  science  of  Anthropology 
systematically  by  means  of  Its  exhibits  it  would  And  itself  in  a  maze  of 
difficulties.  The  limited  and  fragmentary  collections,  such  as  our  museums 
usually  possess,  would  render  such  an  attempt  abortive,  and,  even  with  a 
very  extensive  series  of  objects,  many  of  the  branches  of  anthropology 
could  not  be  effectively  presented.  The  reason  for  this  is  apparent;  some 
of  the  branches  are  without  objective  representation,  save  of  the  most 
meagre  and  remote  kind,  as  the  following  brief  review  will  show  :— 

Utilizing  objective  material  we  may  present  (1)  physical  man  fuUy  and 
satisfactorily;  we  may  illustrate  his  career  individually  and  racially ;  his 
affinities,  his  embryology,  anatomy,  physiology  and  pathology.  We  may 
present  (2)  psychical  man,  but  the  mind  being  non-material  cannot  itself 
be  illustrated  in  the  museum ;  yet  its  character,  powers,  and  activities 
may  be  forcibly  represented  by  a  proper  assemblage  of  the  fruits  of  its 
activities.  The  human  activities,  physical  and  mental,  give  rise  to  a 
great  group  of  phenomena  which  we  may  denominate  culture  phenomena. 
These  have  been  studied  and  somewhat  fully  analyzed  by  anthropologists. 
They  are  roughly  separated  into  phllologic,  sociologtc,  sophiologic  and 
technologic  phenomena.  Glancing  over  these  we  And  that  the  phenomena 
of  language  can  be  illustrated  in  small  part  only.  A  display  of  the  organs 
of  speech,  of  the  expressions  of  the  features,  of  gestures,  and  of  picto- 
rial and  phonetic  signs  assist  the  museum  in  telling  the  story  of  language 
and  its  uses.  The  phenomena  of  sociology  are  even  less  available  for  the 
museum,  and  opinions  are  tangible  only  through  the  material  agencies  of 
their  promotion  and  the  peculiar  forms  of  art  to  which  they  give  rise ; 
but  technology  is  capable  of  endless  elaboration  serving  to  elucidate  its 
own  varied  activities  as  well  as  to  aid  in  illustrating  almost  every  other 
branch  of  human  effort. 

It  is  thus  seen  that  anthropology  cannot  be  systematically  presented  in 
the  museum  as  it  is  presented  by  science,  and  we  are  compelled  to  strike 
out  on  new  lines  seeking  points  of  view  from  which  the  great  facts  and 
laws  of  the  subject  may  be  best  presented  with  the  peculiar  resources 
and  mechanism  of  the  museum. 

IV. 

A  most  comprehensive  general  idea  of  the  husum  race  is  obtained  by  a 
survey  of  the  tribes  and  nations  of  the  world  as  they  exist  to-day  These 
groups  of  people  occupy  the  more  congenial  areas  of  the  earth,  the  so- 
called  characterization  areas,  fulfilling  the  functions  of  biological  exist- 
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ence  and  carrying  oat  their  varied  activities  according  to  capacity,  statas 
of  culture  and  environment.  A  clear  notion  of  these  phenomena  prepares 
the  way  for  a  study  of  the  more  obscure  and  vital  questions  of  anthropol- 
ogy, and  the  general  Anthropologic  Museum  cannot  do  better,  as  a  first 
step,  than  to  assemble  its  materials  on  the  geographic  or  ethnographic 
plan.  The  museum  thus  becomes  a  miniature  world  In  which  the  visitor 
may  pass  from  people  to  people  learning  of  their  characteristics,  their 
arts,  induHtries,  habits,  customs,  etc.,  and  pursuing  more  special  investi- 
gations according  to  Inclination.  That  this  presentation  should  be  effect- 
ive it  must  show  by  means  of  models  and  pictorial  representations  a  tjrpe 
people  of  each  group  or  region.  There  should  be  men,  women  and  chil- 
dren engaged  in  characteristic  occupations,  and  surrounded  by  exhibits 
Illustrating  all  phases  of  their  culture  and  environment. 

By  this  method  of  presentation  we  teach  (1)  of  tribes  and  nations  and 
their  characteristics  and  distinctions;  we  teach  (2)  of  culture  and  its  very 
suggestive  gradation  from  the  lowest  savagery  to  the  highest  civilization ; 
we  teach  (8)  of  the  relation  of  these  phenomena  to  environment ;  and  by 
assembling  the  antiquities  of  each  area  In  the  same  place  we  teach  (4)  of 
the  succession  of  peoples  and  culture,  and  convey  a  general  notion  of  mu^ 
tations  of  fortune  and  the  slow  progress  from  lower  to  higher  phases  of 
existence. 


The  importance  of  teaching  what  the  peoples  of  the  world  are  and  have 
been  is  surpassed  only  by  the  importance  of  detei*mininghow  the  race  be- 
came what  it  is,  and  the  methods  and  laws  of  its  becoming.  When  col- 
lections permit  of  it,  a  second  group  of  exhibits  should  be  assembled  to 
teach  of  man  and  his  activities  from  the  point  of  view  of  genesis.  This 
work  is  far  more  difficult  of  accomplishment  than  the  grouping  of  phe- 
nomena by  areas,  as  the  materials  employed  mu8t  be  carefully  selected  and 
presented  to  illustrate  the  most  advanced  conceptions  of  human  evolution. 

These  exhibits  may  be  conveniently  assembled  in  two  groups :  one  deal- 
ing with  physical  man  and  utilizing  biological  phenomena ;  the  other  with 
the  human  intellect  and  employing  the  products  of  human  activity  in  tell- 
ing the  story. 

The  exhibit  WlastraXing  physical  man  necessarily  consists  largely  of  ma- 
terials derived  from  living  peoples—  the  man  of  to-day.  The  origin  of  the 
race  dates  far  back  in  the  geological  ages,  but  geological  formations  have 
yielded  little  material  bearing  upon  the  evolution  of  the  genus  Homo,  so 
that  embryology  and  anatomy  are  called  in  to  demonstrate  our  relationships 
with  the  rest  of  animate  creation,  thus  working  out  the  marvellous  story. 
More  interesting  and  instructive  exhibits  cannot  be  conceived  of  than  those 
brought  together  by  the  embryologist  and  anatomist  who,  dealing  with 
phenomena  of  the  present,  tell  the  story  of  the  ages. 

The  psychological  history  ot  man  runs  parallel  with  the  physical  history, 
but  the  human  animal  was  well  developed  before  the  mind  acquired  its 
wider  grasp  and  before  its  creations,  the  artifacts  of  primitive  peoples, 
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furnished  the  means  of  recording  its  progress.  Intangible  as  the  mind 
is,  its  activities  have  filled  the  world  with  wonderf  ol  creations  which  re- 
cord the  progress  of  its  evolation  step  by  step,  and  the  noblest  function 
of  the  anthropologic  mnseum  is  that  of  presenting  to  the  world  by  means 
of  these  things,  the  story  of  the  intellectoal  development  of  the  race. 

Calture  has  advanced  along  many  lines,  and  we  are  able  to  illustrate 
these  lines  with  a  fulness  depending  upon  the  extent  to  wliich  they  gave 
rise  to,  or  were  accompanied  by  niaterial  phenomena.  Owing  to  the  ex- 
tent of  the  field  and  the  vast  resources  for  display,  the  series  of  objects 
illustrating  a  single  line  of  progress  must  be  limited  in  number  and  must 
indicate  the  main  steps  only,  thus  presenting  an  easily  read  and  conven- 
ient synopsis.  These  exhibits  may  show,  for  example,  the  acquiring  arts 
—  hunting,  fishing,  agriculture,  mining,  etc. — began  in  hesitating  steps, 
employing  the  simplest  devices,  and  developed  by  a  succession  of  im- 
provements to  their  present  high  degree  of  efficiency.  They  may  present 
the  arts  of  transportation  beginning  with  the  human  burden-bearer  and 
ending  with  the  wonderful  machinery  of  to-day  triumphing  over  land  and 
sea.  They  may  present  one  hundred  or  five  hundred  branches  of  art  and  in- 
dustry, all  arranged  to  tell  an  eloquent  story  of  material  progress  and, 
more  especially,  of  the  steady  growth  and  conquests  of  the  human  mind. 

VI. 

The  two  methods  of  presentation  referred  to,  the  geographic  and  the 
developmental  are,  perhaps,  the  only  methods  that  can  be  said  to  have  gen- 
eral application  to  the  whole  field  of  anthropology,  but  the  museum  is  not 
limited  to  these  methods.  Special  exhibits  may  be  arranged  to  elucidate 
limited  portions  of  the  field-portions  that  may  have  special  interest,  local 
or  otherwise,  or  that  cannot  be  sufficiently  developed  within  either  of  the 
general  schemes.  Such  may  be  designated  special  exhibits.  Thus  we  may 
bring  together  a  series  of  collections  Illustrating  the  history  of  the  United 
States  arranged  on  a  chronologic  basis ;  a  collection  of  materia  medics, 
assembled  on  the  cyclopedic  plan;  an  assortment  of  paintings  arranged 
for  comparison  of  schools  of  design ;  a  set  of  experimental  contrivance 
employed  in  developing  the  X  ray ;  a  series  of  personal  relics  relating  to 
Napoleon,  etc.,  etc. 

It  is  thus  seen  that  anthropology  may  be  presented:  (1)  by  a  great 
group  of  exhibits  illustrating  the  peoples  of  the  world,  arranged  geo- 
graphically ;  (2)  by  series  of  exhibits  illustrating  the  evolution  of  man, 
physically  and  mentally ;  and  (8)  by  exhibits  illustrating  subjects  of  special 
interest  or  importance  from  any  part  of  the  field. 

The  general  anthropologic  museum,  to  which  reference  is  here  made 
covers  a  distinct  field  from  that  occupied  by  the  indt^rial  or  commercUa 
museum.  The  functions  of  the  one  are  scientific  and  educational,  the 
functions  of  the  other  are  purely  practical  having  in  view  immediate  ma- 
terial benefit.  The  operations  and  objects  of  the  two  kinds  of  museums 
being  distinct  they  require  independent  organization  and  management 
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The  harmonic  structure  of  Indian  songs.    By  Prof.  J.  C.  Fillmore, 
Pomona  College,  Claremont,  Cal. 


SOPIIIOLOGY,  or  the  SCIKNCE  OF  THE  EVOLUTION  OP  OPINION.      By  MajOF 

J.  W.  PowKLL,  Bureau  of  American  Ethnology,  Washington,  I).  C.    . 


Anthropological  problems  ok  the  Pacific  slope.     By  Dr.  W.  H. 
Holmes,  U.  S.  National  Museum,  Washington,  D.  C. 


Subjects  relating  to  the  physical  anthropology  of  North  Amer- 
ican Indians.  By  Dr.  G.  A.  Dorsey,  Field  (yolumbiun  Museum,  Clil- 
cago.  111. 


The  Maori  of  New  Zealand  ;  his  history  and  country.  By  11  on.  Hugh 
H.  LusK,  England. 


The  swastica  and  other  marks  among  the  eastern  Algonkins,  a 

PRBIJMINARY  STUDY.      By   WiLLIAM  WALLACE  TOOKER,   Sag  Harbor, 

N.  y. 


The  watkr  burial  time.     By  Stansbury  Hagar,  New  York,  N.  Y. 


The  rite  of  circumcision  among  the  early  racks.    By  R.  J.  Floody, 
South  Ashburnham,  Mass. 


SoiSNCB  THE  BASIS  OF  MORALS.    By  M.  A.  Clancet,  Washington,  D.  C. 


Typical  American  students,     illustrated  by  charts  and  statues. 
By  Dr.  D.  A.  Sargent,  Harvard  University,  Cambridge,  Mass. 


A  NEW  KYMOGRAPHION  ;    A  NEW  CHRONOSCOPE.       By  Prof .   G.   W.   FiTZ, 

Harvard  University,  Cambridge,  Mass. 


Psychology  and  art.    By  Prof.  Hugo  MtlNSTKRBERG,  Harvard  Univer- 
sity, Cambridge,  Mass. 
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Social  okgakization  and  laws  of  thk  Moki  Indians.     By  Waltkk 
Hough,  U.  S.  National  Museum,  Washington,  D.  C. 


Korean  clan  organization.    By  Walter  Hough,  U.  S.  National  Mu- 
seum, Washington,  D.  C. 


Tub  Otomibs  ov  Mexico.    By  Prof.  Frederick  Starr,  University  of 
Chicago. 
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ADDRESS 

BY 

ARCHIBALD  BLUE, 

VICB  PRBSIDBNT,   AND  CHAIRMAN  OK  SECTION  I. 


THE  HI8T0BIC  METHOD  IN  ECONOMICS, 


Although  the  subject  of  my  address  is  the  Historic  Method  in 
Economics,  it  seems  fitting  that  at  this  meeting,  which  rounds  off 
fifty  years  in  the  life  of  the  American  Association,  a  brief  time 
should  be  spent  in  looking  backward  and  taking  note  of  some  of  the 
lapdmarks  and  milestones  that  have  been  passed  on  the  way.  If 
to  those  who  follow  after  righteousness  it  is  good  counsel  to  look 
unto  the  rook  whence  they  were  hewn,  so  also  it  is  wise  counsel 
to  the  scholars  of  science,  for  this,  too,  is  of  the  historic  method. 
There  are  many  things  to  be  learned  from  a  survey  of  our  own 
experience,  not  the  least  valuable  of  which  are  the  slowness  of 
the  march  and  the  unsureness  of  the  footing.  ''  I  have  devoted 
my  whole  life  to  the  study  of  Nature,"  Louis  Agassiz  said  in  sum- 
ming up  the  result  of  his  life's  work,  '*and  yet  a  single  sentence 
may  express  all  that  I  have  done.  I  have  shown  that  there  is  a 
correspondence  between  the  succession  of  Fishes  in  geological 
times  and  the  different  stages  of  their  growth  in  the  ^^^^  —  this 
is  all."  And  that  being  all  in  a  student  and  man  of  genius  like 
Agassiz,  to  whom  a  physical  fact  was  as  sacred  as  a  moral  prin- 
ciple, and  who  found  in  Nature  the  teacher  which  brings  us  back 
to  absolute  truth  as  often  as  we  wander,  what  wonder  if  the  path- 
way of  science  is  beset  with  many  hindrances,  and  if  advance- 
ment in  it  is  uncertain  and  slow !  We  expend  more  effort  and 
time  in  unlearning  what  is  false  than  in  acquiring  what  is  true, 
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and  what  all  the  men  of  science  now  living  upon  the  earth  do 
not  know  would  fill  a  very  large  book. 

When  Freeman,  the  historian,  came  to  America  seventeen 
years  ago,  he  read  a  series  of  eloquent  papers  before  the  Lowell 
Institute  in  this  city,  on  the  English  People  in  its  Three  Homes. 
In  the  true  historic  map  of  the  English  folk,  the  Old  England  is 
on  the  mainland  of  Europe,  and  between  it  and  the  New  England 
on  the  mainland  of  America  is  the  Middle  England,  in  the  Isle  of 
Britain,  the  child  of  the  one,  and  the  parent  of  the  other.  And 
in  founding  the  Kingdom  of  England,  Freeman  said,  those  stout 
English  folk  who  came  over  from  the  forests  of  Grermany  in  the 
keels  of  Hengist  and  Cerdic  founded  the  confederation  of  the 
United  States  of  America  and  all  that  that  name  implies.  But 
we  owe  them  more  than  origin  and  the  beginnings  of  free  institu- 
tions. All  the  goodness  of  the  old  stock  was  not  taken  away  by 
those  who  left  the  old  home,  and  when  in  the  fulness  of  time  re- 
ligious freedom  was  won  the  race  was  ready  for  the  revival  of 
learning,  the  pursuit  of  knowledge,  and  the  conquest  of  the  forces 
of  Nature.     History  has  been  repeating  itself. 

As  the  American  Association  has  had  for  its  model  the  British 
Association,  so  the  British  had  for  its  forerunner  the  German ; 
and  in  all  three  there  was  a  federation  of  older  societies. 

The  German  Union  of  Natural  Philosophers  was  founded  at 
Leipsic  in  1822  by  Dr.  Lorenz  Oken ;  it  survives  under  the  name 
of  the  German  Association  of  Naturalists ;  and  it  has  held  meet- 
ings every  year  since  the  first  formation,  save  in  1848,  when  there 
was  revolution  in  Prussia,  in  1866,  when  there  was  war  with  Aus- 
tria, and  in  1870,  when  there  was  war  with  Prance.  The  objects 
of  the  association,  however,  were  not  wholly  scientific,  for  Oken, 
besides  being  a  teacher  in  medicine  and  natural  history,  was  a 
politician,  and  for  criticising  the  Government  his  professorship 
at  Jena  was  taken  away.  Three  years  later,  when  the  association 
was  formed,  the  political  unity  of  Germany  became  one  of  its  pur- 
poses, which,  however,  did  not  ripen  until  well  nigh  fifty  years. 
Of  Oken  himself  it  may  also  be  observed  that  the  general  charac- 
ter of  his  writings  has  not  been  acceptable  to  scientific  men.  He 
cultivated  speculation  too  much  at  the  expense  of  observation, 
and  in  this  respect  was  not  unlike  one  of  the  schools  of  political 
economists  with  which  I  purpose  to  deal  presently. 

Sixty-seven  years  ago  there  was  organized  in  the  City  of  York, 
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EDgland,  by  a  group  of  men  of  whom  Brewster,  Murchison  and 
Whewell  may  be  named  as  the  foremost,  a  society  whose  aim  and 
purpose  were  distinctively  expressed  in  its  name  —  the  British 
Association  for  the  Advancement  of  Science.  In  expounding  the 
scheme  of  it  at  the  first  meeting,  Rev.  William  Vernon  Harcourt 
said  it  owed  its  origin  to  some  distinguished  cultivators  of  science 
then  present,  who  were  of  opinion  that  great  advantage  might  be 
expected  from  an  association  for  scientific  intercourse  in  their 
own  country,  formed  upon  the  model  of  that  which  had  subsisted 
in  Germany  for  several  years  —  an  association  which  appeared 
'*  to  have  answered  the  hopes  of  its  founders,  as  well  in  approxi- 
mating  men  of  science  to  each  other  and  promoting  among  them 
friendly  feelings  and  an  instructive  interchange  of  ideas  as  in 
giving  to  their  union  a  collective  efficacy  and  bringing  their  aims 
and  views  more  prominently  into  public  notice.''  To  give  a 
stronger  impulse  and  a  more  systematic  direction  to  scientific  in- 
quiry, to  promote  the  intercourse  of  those  who  cultivate  science 
in  different  parts  of  the  British  Empire  with  one  another  and 
with  foreign  philosophers,  to  obtain  a  more  general  attention  to 
the  objects  of  science  and  a  removal  of  any  disadvantages  of  a 
public  kind  which  impede  its  progress,  —  these  were  the  aims  of 
the  association  as  set  forth  in  its  constitution.  And  in  view  of 
the  professed  care  to  eschew  politics  which  has  more  than  once 
found  expression  in  the  proceedings  of  the  association,  it  may  be 
remarked  that  the  last-named  object  was  purely  political.  "  We 
all  know  that  the  laws  of  this  country,"  Viscount  Milton,  the 
President,  said  in  his  opening  address,  *'  I  mean  in  particular  the 
fiscal  laws  of  this  country,  offer  numerous  obstacles  to  scientific 
improvements;"  and  he  instanced  the  serious  obstacles  to  the 
science  of  optics  resulting  from  the  regulations  relative  to  the 
manufacture  of  glass.  But  the  British  Association  has  never  per- 
mitted itself  to  be  used  as  an  instrument  of  party  politics,  and  in 
all  the  years  of  its  existence  its  work  has  been  carried  on  with 
splendid  vigor  and  judgment.  From  its  inception  until  now  the 
membership  has  embraced  the  best  representatives  in  every  de- 
partment of  science  in  the  British  islands  and  in  the  colonies. 
To  indicate  only  a  few,  there  are  on  the  rolls  the  names  of  Profes- 
sor Sedgwick  and  Henry  Hallam,  Faraday  and  Owen,  Darwin  and 
Huxley,  Tyndall  and  Sir  Henry  Bessemer,  Lord  Rayleigh  and  Sir 
William  Siemens.    That  it  has  been  allowed  to  suffer  no  decline, 


Digitized  by 


Google 


496  SECTION   I. 

those  of  you  who  attended  the  meeting  at  Toronto  last  year,  and 
who  came  in  touch  with  men  of  world-wide  fame  like  Lord  Kelvin 
and  Lord  Lister,  Prof.  Michael  Foster  and  Professor  Ramsay,  Sir 
John  Evans  and  James  Bryce,  I  am  sure  will  willingly  allow. 
Some  of  the  association's  members  have  been  ennobled  by  their 
Sovereign  for  services  rendered  to  science,  and  some  have  been 
ennobled  by  right  of  a  diviner  creation.  It  is,  I  believe,  the  best 
and  longest  roll  of  great  men  that  the  records  of  science  and 
learning  afford  in  any  age  or  in  any  land. 

The  formation  of  a  statistical  section  of  the  British  Association 
was  authorized  at  the  third  meeting,  held  at  Cambridge  in  1833, 
amidst  some  doubt  as  to  the  propriety  of  it.  Bat  it  was  justified  by 
the  President,  Professor  Sedgwick,  in  so  far  as  statistical  enquiries 
have  to  do  with  matters  of  fact,  with  mere  abstractions  and  with 
numerical  results.  Considered  in  that  light,  he  reasoned,  they 
give  what  may  be  called  the  raw  material  to  political  economy 
and  political  philosophy,  and  by  their  help  the  lasting  founda- 
tions of  those  sciences  might  perhaps  be  ultimately  laid.  "  In 
physical  truth,"  Professor  Sedgwick  said,  "  whatever  may  be  our 
differences  of  opinion,  there  is  an  ultimate  appeal  to  experiment 
and  observation,  against  which  passion  and  prejudice  have  not  a 
single  plea  to  urge.  But  in  moral  and  political  reasoning  we 
have  ever  to  do  with  questions  in  which  the  waywardness  of 
man's  will  and  the  turbulence  of  man's  passions  are  among  the 
strongest  elements."  Therefore  he  feared  that  if  the  true  bound- 
aries of  science  were  transgressed  and  if  the  door  of  communica- 
tion with  the  dreary  world  of  politics  were  opened,  the  foul  demon 
of  discord  might  find  his  way  into  their  Eden  of  philosophy.  But 
with  this  warning,  and  with  the  limitation  that  inquiries  should 
be  restricted  to  facts  relating  to  communities  of  men  which  are 
capable  of  being  expressed  by  numbers,  and  which  gave  promise 
when  sufficiently  multiplied  to  indicate  general  laws,  the  section 
was  formed  and  its  first  meeting,  with  Charles  Babbage  as  Presi- 
dent, was  held  in  1834,  the  same  year  in  which  the  Statistical 
Society  of  London  was  organized. 

At  the  Cheltenham  meeting  in  1856  the  name  of  the  section 
was  changed  to  the  section  of  Economic  Science  and  Statistics. 
Lord  Stanley,  the  late  Earl  of  Derby,  who  was  President  that 
year,  introduced  the  innovation  of  an  opening  address,  in  which 
he  urged  the  establishing  of  a  statistical  department  of  Gk)vern- 


Digitized  by 


Google 


ADDRK8S    BT   ARCHIBALD    BLUE.  497 

meat  charged  with  the  annoal  poblioation  of  such  facts  relative 
to  the  management  of  national  affairs  as  are  redacible  to  numeri- 
cal expression.  "  We  have  statistics  enough  presented  to  Par- 
liament evdry  session,"  he  said,  "but  they  are  in  the  great  ma- 
jority of  cases  called  for  by  individuals.  They  are  drawn  out  to 
suit  the  particular  purpose  of  those  who  call  for  them ;  they  are 
accordingly  deficient  in  unity,  and  often  of  no  use  beyond  the 
moment."  The  scheme  was  soon  after  adopted  by  the  British 
Parliament,  and  it  has  been  followed  in  a  number  of  other  coun- 
tries, including  the  United  States,  with  the  result  that  we  have 
now  available  a  vast  mass  of  statistics  for  the  study  of  public 
affairs,  and  in  particular  of  questions  bearing  upon  trade,  com- 
merce and  finance. 

One  other  illustration  of  the  work  done  in  this  section  of  the 
British  Association  deserves  mention  at  the  present  time,  when 
the  idea  is  on  the  eve  of  taking  shape  as  a  reality.  At  the  1858 
meeting  in  Leeds,  forty  years  ago,  Mrs.  William  Fison  read  a  paper 
on  the  Importance  of  a  Colonial  Penny  Postage,  viewed  in  relation 
to  the  Advancement  of  Science  and  Christian  Civilization.  In  the 
prosecution  of  scientific  research,  the  writer  pointed  out,  unre- 
stricted communication  between  men  of  science  is  an  important 
condition  of  progress.  ''  It  would  be  difficult  to  estimate,"  she 
said,  *'  the  bearing  a  penny  postage  to  Canada  would  have  upon 
our  Anglo-Saxon  brethren  in  America.  Its  action  upon  the 
United  States  would  be  immediate  and  powerful,  and  most  prob- 
ably would  quickly  induce  them  to  arrange  a  similar  rate  of  post- 
age to  England.  Who  can  calculate  the  beneficent  results  to  the 
human  race  of  such  an  intercourse  between  the  two  great  Protes- 
tant nations  of  the  world,  both  sprung  from  one  parent  stock, 
and  destined  probably  to  be  again  united  in  carrying  out  the  de- 
signs of  an  overruling  Providence  for  the  Christian  civilization  of 
the  world?"  The  beginning  of  another  year  it  is  hoped  will  see 
penny  postage  in  operation  throughout  nearly  the  whole  extent 
of  the  British  Empire,  and  it  is  not  long  to  wait  until  we  can 
judge  of  the  policy  by  its  fruits  —  by  the  degree  to  which  it  will 
serve  as  the  means  of  keeping  up  intercourse  between  distant 
peoples,  upon  which  the  conduct  of  business  affairs  as  well  as  of 
mutual  knowledge  and  sympathy  so  largely  depend.  In  the  light 
of  existing  relations,  both  imperial  and  international,  the  outlook 
is  vastly  brighter  now  than  it  seemed  to  be  forty  years  ago.     As 
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between  Canada  and  the  United  States,  only  a  step  is  required  to 
complete  the  system,  for  already  two  cents  will  carry  a  letter 
from  any  part  of  the  latter  country  to  any  part  of  the  former, 
and  three  cents  will  carry  a  letter  from  any  part  of  the  former  to 
any  part  of  the  latter — over  regions  nearly  8,000,000  square  miles 
in  extent. 

In  the  standing  and  reputation  of  its  officers,  many  of  whom 
have  occupied  high  places  in  the  public  life  of  the  country,  the 
section  has  been  singularly  fortunate,  and  still  more,  perhaps,  in 
the  complexion  of  its  membership.  At  the  sixty-four  meetings 
which  it  has  held  nearly  1,400  papers  have  been  read,  a  very 
large  proportion  of  which  were  contributed  by  business  men,  apd 
which  partook  in  subject  and  treatment  of  the  nature  of  business 
affairs.  Nor  have  there  been  wanting  the  professional  econo- 
mists, among  whom  may  be  named  Senior,  Gairnes,  Fawoett,  Rog- 
ers, Jevons,  Levi,  Leslie,  Ingram,  Marshall,  Sidgwick,  Mavpr, 
Cunningham,  Palgrave  and  Gonner.  And  what  greatly  facilitates 
the  discussion  of  economic  subjects  there  —  in  contrast  with  the 
embarrassing  situation  sometimes  presented  at  scientific  meetings 
in  the  United  States  and  Canada  —  is  the  circumstance  that  the 
trade  question  has  been  lifted  out  of  politics.  A  man  may  speak 
the  thing  he  will. 

In  referring  to  the  organization  and  work  of  our  own  Associa- 
tion, I  assume  you  are  all  so  familiar  with  its  record  that  the 
merest  outline  will  suffice  for  the  purpose  of  this  address. 

The  first  step  to  form  it  was  taken  at  the  session  of  the  Asso- 
ciation of  American  Oeologists  held  at  Boston  in  September,  1847, 
when  a  proposal  was  adopted  whereby  that  body  agreed  to  resolve 
itself  into  the  American  Association  for  the  Advancement  of 
Science,  and  to  hold  its  first  meeting  under  the  new  organization 
at  Philadelphia  in  September  of  the  following  year.  There,  ac- 
cordingly, fifty  years  a^o,  the  constitution  was  adopted  and  the 
Association  was  ushered  into  life. 

The  name  of  Prof.  W.  B.  Rogers  stands  first  in  the  list  of  offi- 
cers ;  and  referring  to  the  movement  when  addressing  the  Asso- 
ciation in  this  hall  as  Chairman  of  the  local  committee  at  the 
meeting  in  1880,  Professor  Rogers  spoke  of  the  British  Association 
as  the  one  '*  which  we  are  to  regard  as  the  parent  institution 
from  which  we  have  sprung.'*  Besides  himself,  there  were  in  the 
Association  from  its  beginning  such  well-known  masters  of  science 
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as  Louis  Agassiz,  fresh  from  his  native  Switzerland,  James  D. 
Dana,  Joseph  Henry,  Asa  Gray,  President  Hitohoook  and  the 
elder  Silliman,  described  by  Agassiz  as  the  patriarch  of  science 
in  America. 

Meetings  continued  to  be  held  annually  down  to  1860,^  and 
the  next  year's  meeting  was  arranged  to  be  held  at  Nashville, 
Tennessee,  in  April.  But  meantime  the  Civil  War  broke  out, 
and  an  interruption  occurred  which  continued  until  1866. 

In  1880,  at  the  first  meeting  of  the  Association  held  in  Boston, 
it  was  determined  that  the  time  had  come  when  it  should  open 
the  doors  still  wider,  and  by  the  addition  of  other  departments 
of  research  give  a  broader  scope  to  its  objects.  Accordingly  a 
committee  was  appointed  to  revise  the  constitution,  and  in  its  re- 
port, approved  by  the  standing  committee,  provision  was  made 
for  nine  sections,  instead  of  two,  with  a  number  of  sub-sections 
as  formerly.  The  amendments  were  adopted  at  the  Cincinnati 
meeting  of  next  year,  on  the  20th  of  August,  and  then  for  the 
first  time  economic  science  and  statistics  got  a  recognized  stand- 
ing in  the  Association.^  The  first  meeting  was  held  at  Montreal 
in  1882,  and  in  the  sixteen  meetings  of  the  section  about  250  pa- 
pers have  been  read.  Among  these  I  have  observed  only  one 
whose  author  is  a  professional  economist.  A  few  of  the  contrib- 
utors have  been  business  men,  but  I  believe  that  a  large  majority 
have  been,  like  myself,  attached  to  the  civil  service.  This  is  un- 
fortunate, perhaps,  as  men  of  our  class  are  supposed  to  hold  no 
opinions,  especially  on  economic  subjects  when  the  trade  question 
is  immersed  in  politics.  But  I  think  a  new  departure  is  desira- 
ble, and  that  we  should  aim  at  drawing  into  the  section  a  better 
representation  of  business  men  and  public  men  and  professional 
men,  who  will  discuss  questions  of  economic  interest  in  a  scien- 
tific spirit,  without  fear  of  criticism  from  any  quarter,  or  by  any 
authority.  There  is  a  grand  motto  for  us  in  the  prayer  of  the 
mariner  of  old  when  in  a  great  tempest  he  said  to  Neptune,  god 
of  the  sea:  ''  0  god,  thou  mayest  save  me  if  thou  wilt,  and  if 
thou  wilt  thou  mayest  destroy  me;  but  whether  or  no,  I  will 
steer  my  rudder  true."    There  are  some  things  more  to  a  free 

i  In  1850  two  meetings  were  held,  one  at  Charleston,  S.  C,  in  March,  and  one  at  New 
Haven,  Conn.,  in  August. 

*  In  1894,  at  the  Brooklyn  meeting,  and  again  In  1895,  at  the  Springfield  meeting,  it 
was  proposed  to  change  the  name  of  the  section  to  Sociology,  but  an  amendment  to 
Social  and  Economic  Science  was  carried  instead. 
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man  than  is  place,  or  office,  or  life ;  and  one  of  these  is  the  right 
to  follow  his  intellect. 

The  subjects  of  papers  read  in  the  economic  sections  of  the 
British  and  American  Associations  have  usually  appertained  to  the 
industrial  life  of  the  human  race  under  varying  conditions  and 
circumstances,  and  the  method  of  treatment  has  largely  partaken 
of  the  concrete  form.  This  was  the  case  almost  without  excep- 
tion in  the  first  quarter  of  a  century  of  the  British  Association, 
when  indeed  the  only  method  allowed  was  the  statistical.  But 
ever  since  the  enlargement  of  the  scope  of  the  section  in  1S56 
the  abstract  or  deductive  method  has  had  its  exponents,  and  at 
least  upon  one  occasion  was  ably  represented  by  a  President  of 
the  section  —  by  Prof.  Henry  Sidgwick  at  the  Aberdeen  meeting 
in  1885. 

Personally,  I  favor  the  historical  method  of  investigating  eco- 
nomic subjects,  which  includes  the  use  of  statistics,  because  I  find 
it  easier  to  work  that  way.  But  I  do  not  say  it  is  the  best  for  every 
one,  for  I  think  something  depends  on  the  mental  bias.  The  man 
with  a  strong  turn  for  philosophy  prefers  to  study,  criticise  and 
develop  theories  rather  than  to  collect  and  systematize  facts. 

James  Bryce,  in  his  recent  book  on  the  Characteristics  of  Glad, 
stone,  says  of  Scotsmen  in  general,  as  well  as  of  Gladstone  in 
particular,  that  they  are  more  fond  of  abstract  intellectual  effort 
than  are  Englishmen.  It  is  not  merely  that  the  taste  for  meta- 
physical theology  is  commoner  with  them,  but  they  have  a  stronger 
relish  for  general  principles.-  They  like  to  set  out  by  ascertain, 
iug  and  defining  such  principles,  and  then  to  pursue  a  series  of 
logical  deductions  from  them.  They  are  less  content  to  remain 
in  the  region  of  concrete  facts,  and  more  eager  to  hasten  on  to 
the  process  of  working  out  a  body  of  speculative  doctrines.  The 
Englishman  is  apt  to  think  that  he  is  right  in  spite  of  logic ;  the 
Scotsman  delights  to  think  that  it  is  through  logic  he  has  reached 
his  conclusions  and  that  he  can  by  logic  defend  them. 

Now,  if  Mr.  Bryce  is  right  in  this  estimate  of  Scotsmen,  we 
may  find  in  it  a  clue  to  the  prevalence  of  the  deductive  method 
among  the  British  economists,  for  the  two  who  are  first  among 
them  —  Adam  Smith  and  John  Mill  —  were  both  Scotsmen.  But 
it  is  not  strictly  true  of  either  Mill  or  Smith,  nor  of  British  ecoDO- 
mists  in  general,  as  asserted  by  many  German  and  some  English 
writers,  that  they  have  treated  political  economy  as  a  body  of 
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universal  truths  or  natural  laws,  or  as  a  science  whose  fundamen- 
tal principles  are  all  fully  ascertained  and  indisputable,  and  which 
has  nearly  reached  perfection.  It  was  not  in  that  light  assuredly 
that  Mill  regarded  Smith,  whose  great  work  on  the  subject  he 
has  referred  to  as  'Mn  many  parts  obsolete  and  in  all  imperfect," 
although  he  admits  that  it  invariably  associates  the  principles  of 
the  subject  with  their  applications. 

In  the  chapter  on  wages  and  profit  in  different  employments, 
in  the  first  book  of  his  Wealth  of  Nations,  and  in  the  chapter 
on  the  principle  of  the  mercantile  system,  in  the  fourth  book,  it 
is  plain  to  be  seen  that  Adam  Smith  was  familiar  with  a  great 
variety  of  economic  facts,  and  those  who  read  him  intelligently 
cannot  fail  to  perceive  that  in  a  rare  degree  he  possessed  the  gift 
to  analyze  and  value  them.  Mr.  Cliffe  Leslie,  who  himself  studied 
political  economy  in  the  light  of  history,  and  who  had  shared 
with  Rogers  and  Thornton  the  distinction  of  being  excepted  from 
Koscher^s  unfavorable  judgment  on  the  English  economists,  knew 
better  than  his  German  master  what  Adam  Smith's  method  really 
was.  ''  The  principal  merit  of  Adam  Smith's  economic  philoso- 
phy," he  wrote  in  1875,  ''has  been  generally  overlooked.  He 
combines  the  historical  method  of  Montesquieu  with  the  theory 
of  natural  law,  and  although  that  theory,  together  with  his  theo- 
logical system,  gave  a  bias  to  his  inductive  study  of  the  real  order 
of  social  progress,  he  has  a  true  title  to  be  regarded  as  the  founder 
of  the  historical  method  in  political  economy,  in  the  sense,  at 
least,  of  having  been  the  first  to  apply  it."  Similar  testimony  is 
borne  by  Professor  Ingram,  who  dealt  with  the  whole  subject  of 
methods  in  the  luminous  address  delivered  to  the  economic  sec- 
tion of  the  British  Association  at  Dublin  in  1878.  "  That  the 
master  tendency  of  Smith's  intellect  was  the  deductive,"  Professor 
Ingram  said,  ''or  that  it  is  at  the  deductive  point  of  view  that 
he  habitually  places  himself,  seems  to  me  plainly  at  variance 
with  fact.  Open  his  book  anywhere  and  read  a  few  pages ;  then 
do  the  same  with  Ricardo's  principal  work,  and  observe  the  dif- 
ference of  the  impression  produced.  Under  the  guidance  of 
Ricardo  you  are  constantly,  not  without  misgivings,  following 
certain  abstract  assumptions  to  their  logical  results.  In  Smith, 
you  feel  yourself  in  contact  with  real  life,  observing  the  human 
acts  and  their  consequences  by  the  light  of  experience.  Of  course 
deduction  is  not  wanting,  but  it  is  in  the  way  of  verification. 
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The  facts  are  interpreted  from  the  nature  and  circumstances  of 
men  in  general,  or  particular  groups  of  men.  Sagacious  observa- 
tion and  shrewd  comment  go  hand  in  hand."  Even  Ricardo 
himself,  as  Prof.  Simon  Patten  has  aptly  observed,  was  a  practi- 
cal economist  in  the  world  as  he  knew  it.  He  thought  and  wrote 
as  a  business  man  and  stock  broker,  who  had  an  intimate  knowl- 
edge of  the  commercial  usages  of  a  great  city  at  a  time  when 
political  power  was  passing  fiom  the  country  to  the  town,  and 
''  as  he  thought  only  of  profits,  it  is  natural  that  he  should  see 
that  the  rise  of  rent  reduced  profits,  and  that  profits  varied  in- 
versely with  wages."  His  laws  are  the  outcome  of  those  ideas 
which  control  the  trading  world.  Adam  Smith  was  subject  to  no 
influence  of  this  kind,  for  he  does  not  seem  to  have  had  any  fit- 
ness for  business.  But  he  created  the  science  of  political  econ- 
omy, and,  as  noted  by  Walter  Bagehot,  his  teaching  on  one  side 
created  Cobden  and  Bright,  and  rendered  possible  Kicardo  and 
Million  another.  So  much  theory  and  so  much  practice,  Bagehot 
said  in  writing  of  Adam  Smith  the  man,  have  rarely,  perhaps 
never,  sprung  from  a  single  mind. 

Concerning  John  Mill,  we  have  his  own  statement  that  the 
Principles  of  Political  Economy  was  written  with  a  practical  and 
popular  object,  but  without  an  attempt  to  gain  either  of  those 
advantages  by  the  sacrifice  of  strict  scientific  reasoning;  and 
though  desiring  that  his  treatise  should  be  more  than  a  mere  ex. 
position  of  abstract  doctrines,  he  was  also  desirous  that  such  an 
exposition  should  be  found  in  it.  In  the  second  book,  which 
treats  of  the  distribution  of  wealth,  the  historical  method  has 
been  largely  pursued,  but  especially  in  the  chapters  on  peasant 
properties.  In  every  department  of  human  affairs.  Mill  wrote  in 
the  first  sentence  of  his  book,  practice  long  precedes  science  ;  and 
it  was  a  settled  part  of  his  philosophy  that  deductive  science  is  a 
system  of  corollaries  from  experimental  science.  In  the  System 
of  Logic,  first  published  in  1843 — the  same  year  in  which  Ros- 
cher's  Outline  of  Lectures  on  Political  Economy  following  the 
Historical  Method  was  published — he  took  what  many  at  the 
present  day  would  regard  as  an  extreme  position  on  the  value  of 
.the  historic  method  as  the  one  whereby  the  derivative  laws  of 
social  order  and  progress  must  be  sought.  "By  its  aid,"  Mill 
affirmed,  "we  may  hereafter  succeed  not  only  in  looking  forward 
into  the  future  history  of  the  human  race,  but  in  determining 
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what  artificial  means  may  be  used,  and  to  what  extent,  to  accel- 
erate the  natural  progress  in  so  far  as  it  is  beneficial ;  to  com- 
pensate for  whatever  may  be  its  inherent  inconveniences  or 
disadvantages  ;  and  to  guard  against  the  dangers  or  accidents  to 
which  our  species  is  exposed  from  the  necessary  incidents  of 
its  progression."  I  am  sure  that  neither  Dr.  Gustav  Cohn  nor 
any  other  of  the  ardent  admirers  of  Roscber  could  claim  a  higher 
merit  for  the  method  than  these  words  afBrm ;  and  there  is  far 
more  of  the  method  ii>  Mill's  Principles  of  Political  Economy 
than  the  younger  generation  of  German  critics  appears  willing  to 
recognize,  although  from  the  very  nature  of  the  book  it  did  not 
readily  admit  of  specific  treatment  in  that  way. 

Professor  Bohm-Bawerk  of  Austria,  a  few  years  ago,  made  a 
very  able  and  temperate  reply  to  attacks  upon  the  deductive 
method  by  disciples  of  Koscher,  and  notably  by  Gustav  Schmoller, 
an  editor  and  writer  of  some  note.  It  is  the  opinion  of  B5hm- 
Bawerk  that  an  extension  of  the  empirical  material  of  the  sci- 
ence of  political  economy  is  advantageous  to  its  development,  but 
he  intimates  that  to  extract  a  general  theory  from  it  there  are  re- 
quired that  measure  of  abstraction  and  use  of  deduction  which 
men  of  the  historical  school  definitely  reject.  All  the  elements  for 
the  solution  of  a  problem  may  be  in  the  first  million  of  instances, 
perhaps  in  the  first  thousand,  as  surely  as  in  the  last,  and  the  art 
is  merely  to  set  them  free ;  to  which  end  it  is  not  greater  exten- 
sion but  greater  profundity  that  is  needed.  It  is  not  a  greater 
accumulation  of  observed  cases  that  will  help,  but  a  deeper  insight 
into  them.  Both  methods  have  their  uses,  Bobm-Bawerk  recog- 
nized, one  in  the  province  of  theory  and  the  other  in  that  of 
practical  results.  '*In  the  province  of  practical  social -politics  for 
technical  reasons,  the  historical-statistical  method  is  so  unques- 
tionably superior,"  he  confesses,  ''that  I  do  not  hesitate  to  declare 
that  a  purely  abstract-deductive  legislative  policy  in  economic 
and  social  matters  would  be  as  much  of  an  abomination  to  me  as 
to  others."  Yet  hp  does  not  fail  to  assert  the  value  of  the  method 
of  his  own  school,  nor  to  point  out  that  while  writers  of  the  his- 
toric school  in  Germany  have  discarded  abstract  deduction  they 
cannot  write  three  pages  on  economic  questions  even  in  the  his 
toric  style  without  general  theory.  Obviously  Bdhm-Bawerk 
resents  the  ''Made  in  Germany"  idea  in  matters  of  scientific  in- 
vestigation, but  he  is  too  large  minded  to  object  to  any  method 
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that  is  useful  in  the  pursuit  of  truth.  ''I  desire  do  battle  between 
methods,"  he  says;  '*I  desire  rather  their  reconciliation  and 
fruitful  cooperation :  I  would  awaken  the  feeling  not  only  that 
there  is  room  for  us  all  in  the  vast  field  of  political  economy,  but 
that  there  is  need  of  us  all,  with  all  our  variety  of  talents  and 
methods;  that,  instead  of  turning  our  intellectual  weapons 
against  one  another  and  wilfully  refusing  to  use  a  better  way 
than  our  own  when  it  is  offered  us,  we  should  unite  our  forces 
against  the  common  enemy,  the  untold  army  of  problems  of  one 
of  the  most  difficult  of  sciences. '^  There  has  indeed  been  a  keen 
controversy  waged  on  the  merits  of  economic  methods  during 
the  last  quarter  of  a  century,  and  one  who  is  not  himself  a  pro- 
fessional economist  may  venture  to  express  surprise  that  so  much 
feeling  and  prejudice  and  misrepresentation  should  be  exhibited 
in  the  discussion  of  what,  after  all  is  said,  is  only  the  best  and 
surest  way  of  getting  at  the  truth  of  the  matter. 

Bacon,  whose  name  is  inseparably  associated  with  the  induc- 
tive method,  certainly  meant  that  all  sciences,  including  ethics 
and  politics,  should  be  developed  by  it.  There  would  be  found 
some  things  in  the  experiments  themselves,  he  had  no  doubt, 
which  were  not  quite  certain,  or  perhaps  were  quite  false,  and 
which  might  make  a  man  think  that  the  foundations  and  princi- 
ples upon  which  his  discoveries  rested  were  doubtful  and  mis- 
taken. But  such  things  must  needs  happen  at  first.  To  his  mind 
it  was  only  like  the  occurrence  of  a  letter  or  two  misplaced  in  a 
written  or  printed  page,  to  be  easily  corrected  by  the  sense.  *'So, 
likewise,  may  there  occur  in  my  natural  history  many  experiments 
which  are  mistaken  and  falsely  set  down,  and  they  will  presently 
by  the  discovery  of  causes  and  axioms  be  easily  expunged  and 
rejected,"  Bacon  said  in  his  Aphorisms.  And  he  implies  that  if 
in  natural  history  there  is  a  risk  of  errors  in  making  experiments 
and  recording  observations,  how  much  more  in  philosophy  and 
sciences  built  on  such  a  sand !  "The  object  of  the  natural  history 
which  I  propose  is  not  so  much  to  delight  with,  variety  of  matter 
or  to  help  with  present  use  of  experiments  as  to  give  light  to  the 
discovery  of  causes  and  supply  a  suckling  philosophy  with  its 
first  food.  For  though  it  be  true  that  I  am  principally  in  pursuit 
of  works  and  the  active  department  of  sciences,  yet  I  wait  for 
harvest  time,  and  do  not  attempt  to  mow  the  moss  or  to  reap  the 
green  corn.  For  I  well  know  that  axioms  once  rightly  discovered 
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will  carry  whole  troops  of  works  along  with  them,  and  produce 
them  not  here  and  there  one,  but  in  clusters.  And  that  unsea- 
sonable and  puerile  hurry  to  snatch  by  way  of  earnest  at  the  first 
works  which  come  within  reach  I  utterly  condemn  and  reject  as 
an  Atalanta's  apple  that  hinders  the  race."  Such  was  the  ofl&ce 
of  natural  history,  as  Bacon  planned  it  in  his  mind  ;  but  why  he 
did  not  mow  the  moss  or  reap  the  green  corn  is  made  clear  by  the 
group  of  pleasing  similes  used  to  Illustrate  the  difference  between 
the  true  scientist  on  one  side  and  the  'men  of  experiment  and  the 
men  of  dogma  on  the  other.  "The  men  of  experiment  are  like 
the  ant ;  they  only  collect  and  use  :  the  reasoners  resemble  spi- 
ders, who  make  cobwebs  out  of  their  own  substance.  But  the  bee 
takes  a  middle  course ;:  it  gathers  its  material  from  the  flowers 
of  the  garden  and  of  the  field,  but  transforms  and  digests  it  by  a 
power  of  its  own.  Not  unlike  this  is  the  true  business  of  philos- 
ophy, for  it  neither  relies  solely  nor  chiefly  on  the  powers  of  the 
mind,  nor  does  it  take  the  matter  which  it  gathers  from  natural 
history  and  mechanical  experiments  and  lay  it  up  in  the  memory 
whole,  as  it  finds  it,  but  lays  it  up  in  the  understanding,  altered 
and  digested."  Therefore,  from  a  closer  and  purer  league  between 
experiment  and  reason,  Bacon  saw  that  much  might  be  hoped. 

But  in  applying  Bacon's  method  to  the  study  of  social  and  po- 
litical problems,  a  new  element  comes  in.  The  laws  of  physical 
nature  possess  fixity  and  uniformity  under  almost  every  possible 
and  conceivable  condition,  whereas  the  laws  of  human  society  are 
modified  by  the  forms  of  human  nature  and  impulses  of  the  human 
will,  as  developed  under  every  influence  to  which  men  and  nations 
are  subject  in  relation  to  each  other  and  to  every  past  and  present 
condition.  It  has  been  said  that  examples  prove  nothing  where 
persons,  times  and  other  circumstances  differ.  But  the  differences 
are  not  always  radical,  and  very  rarely  is  the  old  life  stamped 
out  of  a  people.  The  English  of  to-day  have  in  a  large  degree  the 
same  traits  of  character  as  they  possessed  five  centuries  ago ;  so 
also  have  the  French  and  the  Germans.  The  Arabs  of  the  East 
have  the  same  manners  of  life  as  the  sons  of  Ishmael  iu  the  days 
of  Job,  who  went  forth  to  work  as  wild  asses  and  reaped  the 
wilderness  for  their  children.  And  the  Hebrews,  after  enduring 
ages  of  banishment  from  their  own  land  and  centuries  of  injus- 
tice and  cruelty  throughout  every  country  of  Europe,  attest 
wherever  a  chance  is  given  them  in  business  affairs  the  abounding 
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prepotency  of  Jacob,  the  Syrian  patriarch  of  nearly  four  millen- 
niums  ago.  Change  of  some  kind  there  must  be :  it  lies,  as  Carlyle 
has  expressed  it,  in  the  very  essence  of  our  lot  and  life  in  this 
world.  But  there  is  a  more  hopeful  view,  which  Carlyle  has 
thrown  upon  the  canvas  in  strong  colors  : — <^The  true  past  departs 
not ;  nothing  that  was  worthy  in  the  past  departs ;  no  truth  or 
goodness  realized  by  man  ever  dies,  or  can  die ;  but  is  all  still 

here,  and,  recognized  or  not,  lives  through  endless  changes 

It  is  but  the  superficial,  as  it  were  the  body  only,  that  grows  ob- 
solete and  dies ;  under  the  mortal  body  lies  a  soul  that  is  immor- 
tal, that  anew  incarnates  itself  in  fairer  revelation,  and  the  present 
is  the  living  sum  total  of  the  whole  past."  I  believe  that  is  true, 
although  perhaps  I  could  not  prove  it  as  conclusively  to  a  ques- 
tioning mind  as  in  physics  the  corresponding  law  of  the  conser- 
vation of  energy  is  proven.  But  as  to  continuity  of  type  in  the 
races  of  men,  history  and  observation  establish  it  beyond  a  doubt 
The  great  facts  of  human  nature  are  unchang^  from  one  century 
to  another  except  as  they  may  be  slowly  modified  by  civilization, 
or  religion,  or  other  potential  influences  working  upon  the  mind 
and  heart  of  man,  while  in  some  aspects  the  springs  of  human 
action  are  as  immutable  as  the  laws  of  being  itself.  Hence  it  ap- 
pears possible  to  ascertain  the  laws  of  social  phenomena  by  ex- 
periments extending  over  long  periods  of  time,  whose  growth  is 
part  of  the  organic  life,  where  every  condition  is  observed ;  and 
this  is  what  is  claimed  for  the  historic  method.  Whether  it  be 
possible  or  profitable  to  make  artificial  experiments,  I  know  not. 
Life  is  too  short  for  economic  tests  ever  to  become  popular,  and 
practical  statesmanship  abhors  them. 

In  other  departments  of  human  interest  we  learn  wisdom  from 
the  experience  of  the  past.  The  study  of  jurisprudence  has  made 
its  greatest  advance  through  the  use  of  the  historic  method,  as 
illustrated  by  Gibbon's  famous  chapter  on  Roman  Law,  by  the 
earlier  work  of  Montesquieu  on  the  Spirit  of  Laws,  and  by  the 
later  work  of  Sir  Henry  Maine  on  Ancient  Law.  In  legislation 
also  the  help  of  history  is  invaluable  as  a  record  of  experiments 
in  the  making  and  working  of  laws.  What  indeed  is  the  office  of 
Parliaments  and  Congresses  but  the  amending  of  old  laws  which 
are  no  longer  suited  to  new  conditions,  or  are  shown  to  have  been 
•hurtful  or  inefficient  in  their  operation,  or  never  to  have  served 
the  purpose  for  which  they  were  intended — with  at  long  intervals 
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the  making  of  new  laws  to  meet  the  growing  requirements  of  the 
people?  Not  the  least  valaable  of  lessons  is  to  be  sought  in  the 
story  of  statutes  that  failed.  We  have  seen  frequent  attempts 
made  in  the  United  States  and  Canada  to  restrict  and  control 
trade,  commerce  and  labor  by  statute— even  to  regulation  of  the 
departmental  stores.  England  made  trial  of  all  these  restrictions 
centuries  ago,  but  only  to  discover  that  they  were  ineffectual  and 
worthless,  as  well  as  illiberal  and  mischievous.  To  such  legisla- 
lators  Albert  Stickney's  book  on  State  Control  of  Trade  and 
Commerce  would  be  a  revelation. 

Let  us  not  forget  that  society,  or  the  State,  is  a  developed  or- 
ganism, wherein  every  human  will  and  passion  has  play,  and 
every  constituent  individual  acts  and  reacts  upon  every  other,  and 
that  to  understand  it  aright  we  must  know  its  life  history.  The 
story  of  nations  abounds  with  events  of  every  kind,  transpiring 
under  an  infinite  variety  of  conditions,  each  event  the  product  of 
some  antecedent  thought  or  act,  and  each  making  its  impress  for 
good  or  ill  upon  the  life  of  the  community,  of  the  nation,  or  of 
the  world,  according  to  its  own  intensity  or  impact.  To  study 
such  events  and  their  operation  and  influence,  in  so  far  as  they 
relate  to  inquiries  into  the  provision  of  subsistence  for  the  peo- 
ple and  the  supply  of  revenue  for  the  State,  according  to  Adam 
Smith — or  into  the  nature  of  wealth  and  the  laws  of  its  produc- 
tion and  distribution,  according  to  Mill — or  into  the  way  the 
wants  of  the  people  in  food,  clothing,  shelter,  fuel,  etc.,  may  be 
satisfied,  and  how  the  satisfaction  of  these  wants  influences  the 
national  life  and  how  they  are  in  turn  influenced  by  it,  according 
to  Roscher, — this  is  the  office  of  the  political  economist.  It  is  not 
merely  to  discover  facts,  but  to  collate  them  and  discover  the 
method  for  ascertaining  the  laws  of  the  facts.  '^The  laws  of  the 
economic  constitution  and  movement  of  society,"  Ingram  says, 
"are  ascertained  by  observation,  whether  directed  to  contempo- 
rary life  or  to  the  history  of  the  past.  The  office  of  deduction 
is  then  to  verify  and  control  the  inductions  which  have  been  ar- 
rived at,  using  for  this  purpose  considerations  founded  on  the 
qualities  of  human  nature  and  the  external  conditions  to  which 
society  is  subjected."  I  believe  that  to  be  a  fair  and  intelligible 
exposition  of  the  true  method  in  the  study  of  economic  questions 
— being  neither  pure  induction  on  one  side  nor  pure  deduction  on 
another,  but  by  an  art  akin  to  that  of  the  great  painter  who  mixed 
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his  colors, "  with  brains,  sir/'  to  assemble  things  known  (whether 
data,  experiences  or  premises)  in  so  natural  an  order  as  to  make 
things  unknown  to  be  known  and  understood  of  all  men.  For  the 
true  method  of  experience,  to  paraphrase  Bacon,  first  lights  the 
candle  to  show  the  way ;  commencing  with  experience  duly  or- 
dered and  digested,  and  from  it  deducing  axioms,  and  from  es- 
tablished axioms  again  new  experiments ;  ''even  as  it  was  not 
without  order  and  method  that  the  divine  word  operated  on  the 
created  mass.'^ 

It  would  be  interesting,  and  it  might  be  instructive,  to  illus- 
trate methods  as  shown  by  the  works  of  some  of  the  great  masters 
in  social  and  economic  science ;  but  to  do  so  would  be  to  tran- 
scend the  limits  of  this  address.  Roscher's  example  merits  high 
praise,  not  alone  for  his  working  plan  and  the  structure  of  eco- 
nomic doctrines  he  has  reared,  but  for  his  thoroughness,  his  judg- 
ment, and  the  unfailing  liberality  he  has  displayed  towards  other 
workers.  He  does  well,  it  seems  to  me,  to  draw  his  illustrations 
from  the  records  of  the  more  civilized  nations  for  purposes  of 
comparison,  instead  of  casting  a  drag-net  into  the  sea  to  gather 
of  every  kind.  The  very  fewness  of  nations  with  an  economic 
history  makes  it  the  more  imperative  to  compare  them  all,  as 
Roscher  himself  says.  ''Doubtless,"  he  remarks,  "comparison 
cannot  supply  the  place  of  observation  ;  hut  observation  may  be 
thus  rendered  more  thorough,  many-sided  and  richer  in  the  num- 
ber of  its  points  of  view."  It  will  be  noticed,  however,  that  in 
his  Principles  of  Political  Eiconomy  Roscher  employs  the  deduc- 
tive method  largely  in  the  text,  while  the  historical  comparisons 
are  grouped  in  footnotes,  and  are  often  so  meagre  in  their  setting 
as  to  be  useless  for  any  purpose  of  illustration  without  the  help  of 
a  reference  library  to  study  the  circumstances  and  conditions  of 
every  case. 

I  prefer  the  plan  of  Herbert  Spencer  in  his  Principles  of  Soci- 
ology, where  the  greater  prominence  is  given  to  illustrations.  Per- 
haps it  was  inevitable,  from  the  character  of  the  work,  that  these 
should  be  drawn  from  the  accounts  of  barbarous  peoples.  But  if 
a  '*  fact"  is  not  a  fact  it  is  unsafe  for  any  use  in  comparison,  and 
much  of  the  information  we  possess  of  the  lower  races  comes  from 
sources  that  are  not  always  trustworthy.  A  mere  traveller  is  not 
a  safe  guide,  for  often  he  tells  what  he  has  heard  and  not  what  he 
has  seen.     *'  Trust  as  little  as  you  can  to  report ;  examine  all  you 
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can  by  your  own  senses,**  was  the  sound  advice  of  Samuel  John- 
son on  the  study  of  natural  history  to  a  young  physician,  who 
was  leaving  England  for  Guadaloupe.  Only  the  trained  mind  can 
do  that,  and  any  record  of  facts  and  observations  concerning  the 
lower  races  that  is  not  based  on  the  evidence  of  the  senses  must 
be  taken  with  grains  of  allowance.  No  one  will  question  the  care 
shown  by  Spencer  in  gathering  and  collating  his  facts ;  but  one 
may  be  pardoned  for  suspecting  the  utility  of  them  as  evidence, 
when  he  finds  that  after  nearly  lifty  years  spent  in  study  and  con- 
templation of  the  ultimate  man  in  the  light  of  them  Spencer  ended 
practically  where  he  began. 

As  one  who  at  the  best  is  only  an  amateur  economist,  and  dis- 
claims any  professional  rank  —  yet  as  one  who  has  given  his  best 
years  to  a  study  of  the  industrial  life  of  not  the  least  among  the 
commonwealths  of  America  —  1  humbly  venture  to  show  a  better 
way,  or  what  in  my  judgment  is  a  better  way.  The  same  idea  may 
have  presented  itself  to  others  much  abler  and  better  qualified  than 
I  can  pretend  to  be,  and  it  may  have  been  rejected  as  insufficient 
or  unscientific.  I  do  not  know ;  1  have  not  read  all  the  literature 
of  social  and  economic  science.  It  often  happens  that  theories  and 
methods,  even  when  original,  do  not  need  to  be  tried  to  prove  what 
they  are  worth ;  I  hey  are  condemned  on  the  sufficient  testimony  of 
principles  the  soundness  of  which  has  stood  the  ordeal  of  cen- 
turies. But  one  of  the  great  uses  of  history  is  to  teach  us  what 
measures  have  been  brought  to  the  test  of  experience,  and  under 
what  circumstances  and  conditions,  and  what  the  results  of  the 
test  have  been.  My  way,  then,  in  brief,  is  to  investigate  in  the 
light  of  human  history  the  individual  concrete  cases  which  have 
exerted  or  were  aimed  to  exert  an  infiuence  on  social  and  economic 
life,  and  from  their  operation  and  results  to  deduce  *'  the  laws  of 
the  economic  constitution  and  movement  of  society."  Jn  using 
experiences  to  prove  an  abstract  idea  we  cannot  enter  into  all  the 
circumstances  of  each  experience  without  making  the  study  inter- 
minable ;  but,  taking  each  important  concrete  case  by  itself,  with 
the  human  environment  that  influences  it  and  modifies  it,  we  shall 
find  one  of  the  best  conceivable  illustrations  of  the  definition  of 
history,  that  it  is  philosophy  teaching  by  example.  Like  Roscher, 
I  would  confine  investigation  to  events  in  the  story  of  civilized 
peoples,  from  whom  alone  we  can  hope  to  procure  trustworthy  facts 
of  econon^ic  value ;  and,  like  Spencer,  I  would  seek  to  derive  the 
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general  principles  of  the  science  of  economics  from  a  presentation 
of  social  and  economic  data,  and  an  accurate  coordination  of 
them.  A  few  illustrations  may  serve  to  show  more  clearly  the 
method  I  favor,  but  of  necessity  they  must  be  brief,  to  the  verge 
of  baldness. 

The  land  of  Egypt  affords  one  of  the  earliest  instances  of  an 
economic  experiment  to  be  found  in  human  annals,  one  which  m 
modern  phrase  may  be  described  as  a  scheme  of  national  food  re- 
serve. There  was  probably  never  a  time  since  its  occupation  by 
man  when  Egypt  was  not  dependent  upon  the  yearly  Nile  flood  for 
the  growing  of  crops  to  feed  its  inhabitants.  It  is  the  black  river 
mud  which  renews  each  successive  season  the  fertility  of  the  land ; 
and  if  the  waters  rise  insufficiently  by  only  one- tenth  part  in  any 
year,  so  that  the  Nile  does  not  overflow  its  channel  back  to  the  lime- 
stone hills  which  rise  like  walls  on  either  side  of  the  long  level  val- 
ley, the  result  is  failure  of  the  crops  and  famine.  The  story  of  the 
seven  plenteous  years  and  the  seven  lean  years  in  the  days  of  the 
Middle  Empire,  when  the  last  Hyksos  King  was  on  the  throne,  is 
familiar  to  every  Bible  reader.  There  were  only  two  men  in  Egypt 
who  knew  or  believed  what  was  coming  to  pass  —  the  King  himself 
and  the  young  Syrian  slave  who  understood  the  King's  dream  to 
interpret  it ;  and  the  measures  they  took  to  provide  against  the 
years  of  famine  were,  as  we  know,  wisely  designed.  The  people 
themselves  might  have  stored  up  grain  and  hoarded  up  money  in 
the  years  of  affluence  and  roaring  trade,  when  the  earth  brought 
forth  by  handfuls  ;  but  the  people  never  do.  Their  savings  barely 
sufficed  to  carry  them  through  the  first  year  of  famine,  and  that 
was  a  good  showing.  I  doubt  if  there  is  more  than  one  nation  in 
our  day  that  could  make  a  better,  if  the  grim  necessity  arose. 
When  their  money  failed,  when  the  last  of  it  had  been  gathered  up 
and  brought  into  Pharaoh's  house  for  the  corn  which  they  bought, 
and  the  wolf  was  at  the  door,  the  people  went  to  the  King  to  ask 
for  bread.  Why  should  they  die  in  his  presence  when  com  was 
laid  up  in  the  cities  as  the  sand  of  the  sea?  But  the  King  sent 
them  away  to  his  prudent  counsellor  and  man  of  affairs,  without 
whose  leave  no  man  might  lift  up  his  hand  or  his  foot  in  all  the 
land  of  Egypt  —  the  ruler  who  bound  the  King's  Princes  at  his 
pleasure  and  taught  his  Senators  wisdom.  "  Give  us  bread ! " 
the  starving  people  cried,  ''  for  our  money  faileth."  *'  Give  your 
cattle,"  the  ennobled  young  Syrian  replied,  "  and  I  will  give  you 
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for  your  cattle,  if  money  fail/'  And  they  brought  their  cattle,  and 
Joseph  gave  them  bread  in  exchange  for  horses  and  flocks  and 
herds,  and  he  fed  them  with  bread  in  exchange  for  all  their  cattle 
that  year.  When  that  year  was  ended  they  came  to  him  again. 
There  were  gaunt  forms  at  home,  wives  and  mothers  in  whose 
patient  hearts  love  was  dying,  and  hollow-eyed  little  ones  sob- 
bing and  moaning  for  a  crust,  and  the  barns  of  the  King  were 
bursting  with  corn.  ''  We  will  not  hide  from  my  lord,"  they  said 
to  this  prototype  of  Shylock,  '*  how  that  our  money  is  all  spent 
and  the  herds  of  cattle  are  my  lord's ;  there  is  naught  left  in  the 
sight  of  my  lord  but  our  bodies  and  our  lands  ;  wherefore  should 
we  die  before  thine  eyes,  both  we  and  our  land?  Buy  us  and  our 
land  tor  bread,  and  we  and  our  land  will  be  servants  unto  Pharaoh ; 
and  give  us  seed,  that  we  may  live  and  not  die,  and  that  the  land 
be  not  desolate."  It  is  the  oM,  old  story;  all  that  a  man  hath 
will  he  give  for  his  life.  Joseph  bought  the  people  and  their  land 
for  the  King,  and  he  made  it  a  statute  that  at  the  ingatherings 
they  should  pay  a  fifth  unto  the  King  —  all  of  them,  saving  the 
priests,  into  whose  order  the  King  had  married  him  !  It  makes  the 
gorge  rise  to  have  a  policy  like  that  spoken  of  as  statesmanship 
under  divine  guidance.  It  was  not  statesmanship.  It  was  not  even 
clever  politics.  It  is  a  libel  to  say  that  God  was  in  it.  Little 
wonder  that  the  King  lost  his  crown,  and  that  the  kinsmen  of  Joseph 
were  penalized  under  the  new  regime  so  cruelly  that  in  the  anguish 
of  their  souls  the  desire  for  liberty  was  lost. 

My  second  illustration  will  be  drawn  from  the  reforms  of  the 
Gracchi,  in  the  days  of  the  Roman  Republic.  The  old  order  of 
patricians,  who  were  aristocrats  by  birth  and  virtue,  had  passed 
away,  and  in  their  stead  had  grown  up  a  body  of  plutocrats, 
enriched  by  the  spoils  of  the  provinces,  by  trade,  and  by  loaning 
money  at  high  rates  of  interest.  Their  voice  controlled  the  Sen- 
ate, by  which  the  laws  of  the  Slate  were  administered,  and  they 
imposed  numerous  hardships  on  the  free  farmers  of  Italy.  Wheat 
grown  by  slave  labor  in  Sicily  and  other  countries  beyond  the  sea 
on  the  estates  of  the  plutocrats  was  sold  in  Rome  at  a  nominal 
price.  Slaves,  too,  were  employed  on  Italian  estates  in  preference 
to  free  laborers,  because  they  could  not  be  called  away  to  military 
service.  The  same  land  which,  under  the  agrarian  law,  had  sup- 
ported one  hundred  to  one  hundred  and  fifty  families  of  free  peas- 
ants was  occupied  by  perhaps  fifty  slaves,  for  whom,  under  the 
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Roman  law,  there  was  do  marriage  and  no  posterity.  This  was 
the  situation  in  the  republic  early  in  the  seventh  century  of  the 
city,  when  Tiberius  Gracchus  appeared  upon  the  public  stage  as  a 
reformer.  He  was  a  young  man  of  enterprise  and  ability.  His 
father,  though  of  plebeian  lineage,  "was  a  distinguished  soldier,  and 
his  ancestors  for  several  generations  had  held  the  higliest  offices  in 
the  republic.  His  mother  was  a  daughter  of  the  most  illustrious 
of  the  Scipios.  When  old  enough  to  become  a  soldier,  Tiberius 
Gracchus  went  into  the  army  and  fought  at  Carthage  and  in  Spain. 
On  the  journey  home  his  road  lay  through  Tuscany,  where  he  saw 
the  large  estate  system  in  full  operation  —  free  citizens  thrust  away 
into  the  towns,  and  the  fields  cultivated  by  slave  gangs  —  and  be 
resolved  to  rescue  the  people's  patiimony.  His  plan  was  to  restore 
the  old  agrarian  law,  under  which  no  man  might  occupy  more  than 
five  hundred  jugera  of  public  land.  The  law  had  been  originally 
passed  to  protect  the.  race  of  yeomen,  and  Gracchus  was  determined 
to  reestablish  them  upon  their  farms.  Returning  to  Rome,  he  began 
an  agitation  to  this  end,  in  which  he  had  the  support  of  a  number 
of  leading  men  of  his  own  rank,  who  clearly  saw  the  evil  effects  of 
a  practice  under  which  almost  all  the  farm  land  in  Italy  was  held  by 
two  thousand  wealthy  men.  The  common  people,  too,  were  quicidy 
won  over,  for  his  cause  was  theirs.  In  spite  of  the  Senate  and 
the  large  land  owners,  Gracchus  was  elected  a  tribune  by  the  vote 
of  the  comitia,  and  he  carried  his  law.  Its  chief  feature,  after  a 
certain  reservation  of  rights  to  the  occupiers  of  large  estates  of 
the  public  land,  was  the  partition  of  the  land  in  lots  of  thirty 
jugera  (about  eighteen  and  one-half  acres  of  our  measure)  among 
the  yeomen  and  burgesses,  as  heritable  leaseholders,  which  they 
could  not  alienate,  at  a  moderate  rent  to  be  paid  to  the  State  treasury. 
Under  the  old  agrarian  law,  according  to  Niebuhr,  the  occupant 
was  only  a  tenant  at  will,  whom  the  owner  (the  State)  had  the 
right  to  turn  out  whenever  it  was  thought  necessary  to  apply  the 
land  to  other  purposes ;  and  when  a  person  possessed  more  than 
the  law  allowed  he  was  liable  to  punishment,  and  the  surplus  was 
to  be  confiscated.  But  under  the  new  law,  the  landlords  might  re- 
tain five  hundred  jugera,  and  as  much  more  for  their  sons,  and  had 
besides  a  right  to  compensation  for  improvements  on  the  lands 
taken  away  from  them.  Gracchus  was  a  man  of  liberal  views,  but  he 
was  not  an  artful  politician  like  the  old  rulers,  who  stood  ready  to 
take  advantage  of  any  mistake  he  might  commit,  and  to  lay  plans 
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for  his  overthrow.    The  first  commission  chosen  to  carry  out  the 
provisions  of  the  land  act  was  composed  of  himself,  his  brother 
Caius,  then  twenty  years  of  age,  and  his  father-in-law,   Appius 
Claudius.     The  nobles  and  the  members  of  the  plutocrat  class  ob- 
jected to  the  personnel  of  the  commission  as  having  the  flavor  of  a 
family  compact,  and  even  some  of  the  close  friends  of  Gracchus 
withdrew  their  support  as  a  protest  against  his  tactical  blunder.     A 
colleague  of  the  tribunate  was  used  by  the  Senate  to  thwart  his 
purposes,  and  when  the  tribes  met  to  choose  tribunes  for  the  en- 
suing year  the  Senators  led  an  election  riot,  in  which  the  reformer 
was  slain  and  his  body  thrown  into  the  Tiber.     Caius  Gracchus 
took  up  the  mantle  of  his  fallen  brother,  and  showed  that  he  was 
a  greater  master  in  the  art  of  politics.     *'  He  was  honest  and  pure 
like  Tiberius,"  Niebuhr  says,  "  but  passionate,  superior  to  him  in 
power,  and  more  definitely  conscious  of  what  he  wanted."     After 
a  lapse  of  ten  years  he  also  was  elected  a  tribune  of  the  people, 
and  one  of  his  first  steps  was  to  avenge  the  murder  of  his  brother 
and  his  friends.     Many  laws  were  enacted  in  the  course  of  two 
years,  but  the  one  of  greatest  economic  interest  is  the  measure 
which  ordered  that  corn  should  be  divided  among  the  burgesses  of 
the  city —  to  every  one  who  should  personally  present  himself  — 
at  a  rate  variously  stated  to  be  from  one-half  to  one-fourth  of  the 
market  price;  and  great  warehouses  were   built  for  storing  the 
corn,  the  ruins  of  which  were  to  be  seen  at  Rome  down  to  the  six- 
teenth century.     The  policy  itself  is  open  to  criticism.     '*  In  order 
to  understand  this  law,"  Niebuhr  says,  *'  we  must  remember  that 
Rome  received  immense  supplies  of  com,  and  that  its  treasury 
was  so  filled  that  it  was   unnecessary  to  change   the  corn  into 
money.     At  the  time  of  the  Social  War  the  treasury  contained 
about  sixty  millions  sterling.     The  best  use  that  could  be  made  of 
it  was  to  benefit  the  people,  that  is,  the  sovereign,  and  a  vast 
number  of  whom  were  as  poor  as  the   poor  in   our  own  days. 
What  should  such  a  population  of  free  men  do?     Were  they  to 
beg,  or  should  the  State  support  them?    The  idea  of  the  dignity  of 
every  individual  belonging  to  a  free  State  lies  at  the  bottom  of 
many  things  which  occur  in  a  republic ;  it  is  the  duty  of  a  repub- 
lic to  take  care  of  its  members,  even  of  the  most  insignificant, 
and  this  is  to  a  certain  degree  the  case  with  the  poor   rates  in 
Eh)gland."     From  another  point  of  view,  Mommsen  says  of  the 
whole  legislation  of  Gracchus  that  it  was  pervaded  in  the  most 
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pernicious  way  by  conflicting  aims.  On  the  one  hand  it  sought 
the  public  good,  and  on  the  other  it  ministered  to  the  personal 
objects  and  the  personal  vengeance  of  the  ruler.  ' '  Gracchus," 
this  historian  says,  ''  earnestly  labored  to  find  a  remedy  for  social 
evils  and  to  cheek  the  spread  of  pauperism ;  yet  he,  at  the  same 
time,  intentionally  reared  up  a  street  proletariat  of  the  worst  kind 
in  the  capital  by  his  distributions  of  corn,  which  were  designed  to 
be,  and  became,  a  premium  to  all  the  lazy  and  hungry  civic  rab- 
ble." The  distribution  of  the  public  or  domain  land  under  the 
agrarian  law  of  Tiberius  Gracchus  had  been  well-nigh  completed, 
but  Caius  resolved  to  extend  its  operations  outside  of  Italy  and 
to  plant  colonies  in  the  transmarine  territories  of  Rome.  Various 
other  measures  were  proposed,  the  object  of  which  was  to  strengthen 
himself  and  overthrow  the  power  of  the  nobles,  and  it  seemed  as 
if  he  had  escaped  the  rock  on  wliich  his  brother  had  been  wrecked. 
Whatever  the  purpose  may  have  been,  the  eflPect  of  the  corn  laws 
was  to  gather  into  the  city  a  mob  of  unemployed  voters,  living  on 
State  charity,  clamoring  at  elections  and  crowding  the  circus, 
yet  unwilling  to  be  drafted  off  into  settlements  in  Spain  or  Africa, 
where  there  would  be  work,  instead  of  pleasant  idleness.  But 
when  Caius  Gracchus  proposed  to  grant  the  franchise  to  the  Latins 
outside  of  Rome,  opposition  arose.  Those  who  regarded  citizenship 
as  a  partnership  were  in  no  humor  to  enlarge  the  number  of  the 
partners,  and  the  Senate  at  once  began  to  play  on  this  weakness. 
By  another  tribune  it  was  proposed  to  release  those  who  had  re- 
ceived public  land  under  the  laws  from  the  rent  imposed  on  them, 
to  declare  their  allotments  to  be  free  and  alienable  property,  and, 
instead  of  lookmg  abroad,  to  offer  to  the  proletariat  twelve  colo- 
nies in  Italy,  each  of  which  was  to  consist  of  3,000  citizens,  for 
the  planting  of  which  the  burgesses  might  nominate  suitable  men. 
In  this  way  Gracchus  was  beaten  with  his  own  weapons,  and  with- 
in less  than  a  year  he  had  shared  the  fate  of  his  brother.  But 
the  fruits  of  his  policy  survived.  The  proletariat  could  not  be 
denied  cheap  food  as  long  as  it  possessed  a  voice  in  the  comitia, 
and  for  five  hundred  years,  Mommsen  says,  it  lay  like  an  incubus 
upon  the  Roman  commonwealth,  and  perished  only  along  with  it. 

From  Joseph  to  the  Gracchi  is  1,600  years.  1  come  down  2,000 
years  further  for  a  third  illustration,  viz.,  the  repeal  of  the  corn  laws 
in  Britain,  which,  like  the  other  two  policies,  was  a  food  question  to 
a  large  degree  at  its  inception.     The  repeal  of  the  corn  laws  was 
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not  a  freak  of  the  English  people.  They  had  been  debating  the 
subject  a  long  time,  but  there  is  no  doubt  that  the  failure  of  crops, 
the  commercial  distress  and  the  high  price  of  breadstuffs  forced 
the  hand  of  Parliament.  The  efforts  to  regulate  the  price  of  wheat 
by  means  of  an  import  duty  had  succeeded  only  too  well  to  satisfy 
the  consumers,  who  were  rapidly  iDcreasing  in  number  with  the  de- 
velopment of  manufactures  in  the  early  decades  of  the  century. 
Duiing  the  period  of  a  commercial  panic  in  1825-26  authority  was 
given  to  the  government  to  suspend  the  duties  and  allow  wheat  to 
be  brought  into  the  country  free,  and  the  adoption  of  a  more  liberal 
policy  by  Parliament  was  only  arrested  in  the  following  year  by 
the  death  of  Canning.  In  1828,  under  the  premiership  of  Wel- 
lington, a  new  sliding  scale  of  duties,  based  on  the  price  of  wheat, 
was  introduced.  It  provided  for  a  rate  of  25s.  8d.  per  quarter  when 
the  average  price  was  62s.,  gradually  reduced  to  Is.  when  the  aver- 
age price  rose  to  738.  and  over.  Other  questions,  such  as  Catholic 
emancipation  and  parliamentary  reform,  overshadowed  the  com 
laws  for  three  or  four  years.  But  failure  of  the  harvest  of  1886, 
together  with  the  accompanying  depression  in  business,  renewed 
the  agitation  for  repeal  of  the  duties,  the  Anti-Corn  Law  League 
was  formed,  the  people  were  aroused  everywhere,  and  the  weight 
of  their  influence  became  felt  in  Parliament.  Another  sliding 
scale  was  adopted  by  Peel  in  1842,  under  which  the  duty  was  fixed 
at  20s.  per  quarter  when  the  price  was  50s.  or  under,  at  12s.  when 
the  piice  was  60s.,  and  Is.  as  before  when  it  rose  to  7ds.  and  over. 
But  the  hard  times  continued  to  help  the  cause  of  the  advocates  of 
free  com,  and  four  years  later  Peel  yielded  to  the  pressure  of  pub- 
lic opinion.  His  measure  provided  that  until  1st  February,  1849, 
the  duty  on  wheat  should  be  10s.  per  quarter  when  the  market  price 
was  under  48s.  and  that  it  should  fall  a  shilling  with  every  shilling 
in  rise  of  price  to  588.  and  over,  when  it  was  to  remain  at  4s.  In 
1849  the  duty  was  to  cease  altogether,  saving  a  registration  duty 
of  Is.  per  quarter,  which  was  abolished  in  1869.  But  largely  owing 
to  the  influence  of  Adam  Smith  and  other  economic  writers  a  pub- 
lic opinion  had  been  growing  in  England  against  all  parliamentary 
contrivances  for  fixing  prices  and  hindering  the  free  industrial  ac- 
tion of  individuals.  It  was  felt  that  men  could  manage  their  bus- 
ness  affairs  to  the  best  advantage  when  they  were  left  in  such 
matters  unguided  and  unrestrained  by  laws,  and  on  every  side  the 
doctrine  of  laissez-faire  was  growing  in  favor.     As  a  result,  the 


Digitized  by 


Google 


516  SECTION    I. 

system  of  protection  to  industries  by  means  of  a  customs  tariff  be- 
gan to  lose  prestige  as  an  occult  agency,  and  other  duties  besides 
those  on  corn  were  attacked  by  the  men  of  the  new  school.  As 
early  as  1823-27  Huskisson  made  a  number  of  important  reduc- 
tions on  the  duties  upon  raw  materials,  besides  freeing  English 
and  foreign  shipping  and  restoring  to  artisans  the  right  of  free 
emigration.  In  1842  many  other  customs  duties  were  abolished 
or  reduced  by  Peel,  and  still  more  in  1846 ;  but  reductions  and 
remissions  continued  to  be  made  at  intervals,  mainly  under  the  di- 
rection of  Mr.  Gladstone,  until  the  last  vestige  of  protection  dis- 
appeared from  the  British  tariff  in  1874.  But  the  laissez-faire  idea 
has  not  been  permitted  to  triumph,  although  protection  has  been 
overthrown.  During  the  last  fifty  years  in  Great  Britain,  as  well 
as  elsewhere,  it  has  come  to  be  understood  that  State  action  may 
conduce  in  an  eminent  degree  to  the  prosperity  of  nations.  Factory 
acts,  sanitary  laws,  elementary  and  technical  schools,  agricultural 
experiment  stations,  railway  aid,  postoffice  and  telegraph  service, 
municipal  reform  and  many  other  agencies  authorized  by  legisla- 
tures, and  carried  into  operation  by  governments,  have  been  in- 
strumental in  working  out  social  revolutions  of  a  highly  beneficent 
character,  not  second  in  their  utility  to  the  material  advancement 
that  has  left  its  impress  upon  nations  during  the  last  fifty  years. 
Great  Britain  has  truly  made  a  marvellous  record  during  this  cen- 
tury ;  and  in  viewing  it  we  are  apt  perhaps  to  exaggerate  the  in- 
fluence of  her  free  trade  policy.  When  we  see  that  her  total  foreign 
trade  in  the  first  forty-two  years  increased  only  from  $375,000,000 
to  $625,000,000,  that  it  immediately  began  to  leap  upward  with 
the  removal  of  restrictions  in  1842,  reaching  $1,340,000,000  in 
1854,  $3,410,000,000  in  1873,  and  $3,726,000,000  in  1897— being 
an  expansion  of  $3,101,000,000  under  fifty-five  years  of  free  trade, 
in  contrast  with  $250,000,000  under  forty-two  years  of  protection 
— there  is  a  natural  disposition  to  extol  the  potentialities  of  free 
trade.  Especially  is  this  the  case  when  comparison  is  made  with 
the  growth  of  commerce  under  different  trade  conditions  during 
the  same  period  of  time.  But  it  is  unquestioned  that  other  and 
powerful  agencies  have  been  operating.  Science  and  invention  have 
rendered  aids  the  extent  of  which  no  man  can  calculate.  The 
steamship  and  the  railway,  without  whose  service  modem  commerce 
would  be  unattainable,  are  the  creations  of  this  century ;  and  these 
in  turn  owe  their  greatness  to  development  of  the  iron  trade,  whose 
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stupendous  march  in  the  last  half  century  has  no  parallel  as  an  in- 
dustrial achievement  in  the  life  of  man  upon  the  earth.  The  policy 
of  an  open  door  at  home,  which  Great  Britain  has  pursued  ever  since 
the  repeal  of  the  corn  laws  in  her  dealings  with  other  nations,  has 
no  doubt  contributed  sensibly  to  her  commercial  greatness;  but 
perhaps  no  economist  of  any  school  is  so  confident  of  either  his 
method  or  his  abilities  as  to  presume  to  assign  definitely  what  share 
policy  or  science  has  had  in  the  attaining  of  that  greatness.  If  an 
engineer  were  asked  to  say  which  is  the  more  useful  and  service- 
able part  of  a  railway,  the  locomotive  or  the  rails,  he  would  prob- 
ably answer  that  both  are  essential  parts  of  one  system,  that  each 
is  the  complement  of  the  other,  and  that  either  one  if  operated  alone 
could  achieve  only  an  insignificant  part  of  the  efl3ciency  possible 
when  cooperating  with  the  other. 

Neither  climate  nor  time  seems  to  change  the  nature  of  man. 
The  environment  which  influences  him  in  a  particular  way  in  one 
age  is  likely  to  affect  him  the  same  way  in  another  age.  It  is  im- 
possible to  conceive  a  situation  for  him  in  which  two  and  two  will 
make  five.  Therefore  it  appears  to  me  that  there  is  no  plan  so  well 
suited  to  make  us  understand  what  individuals,  but  especially 
communities  and  nations,  will  do  under  given  circumstances  and 
conditions  as  to  know  what  they  have  done  already.  Nations  do 
not  entrust  their  affairs  to  men  without  knowledge  or  experience. 
Precedents  are  studied  in  every  matter  that  is  ripe  for  action,  and 
the  Minister  who  refused  to  consider  what  had  been  done  in  the 
same  or  similar  circumstances  by  Ministers  in  oflSce  before  him 
would  be  regarded  as  a  dangerous  man.  Of  course  it  is  not  implied 
that  the  wise  policy  is  always  to  follow  precedents  ;  these  may  be, 
and  sometimes  are,  examples  to  be  shunned,  and  have  their  use 
and  value  in  that  way.  And  if  that  is  the  best  method  for  Govern- 
ments, which  are  constantly  dealing  with  live  issues,  is  it  not  clear 
that  it  is  also  the  best  method  for  economists,  who  are  investigating 
problems  that  Governments  may  sooner  or  later  be  required  to 
take  up  and  settle  on  practical  lines  ? 

In  all  quarters  of  the  world  events  have  transpired  during  the 
lifetime  of  this  Association  that  are  probably  destined  to  influence 
society  powerfully  throughout  the  twentieth  century.  We  have 
witnessed  the  unification  of  Italy  and  the  unification  of  Germany ; 
the  breaking  down  of  monarchy  in  France  and  the  setting  up  of  a 
republic  in  its  stead ;  a  great  Civil  War  in  the  United  States  and 
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the  liberating  of  more  than  4,000,000  of  human  beings  born  and  bred 
in  slavery  ;  the  partition  of  Africa  among  the  great  powers  of  Eu- 
rope, nearly  completed,  and  the  pai*tition  of  Asia  among  the  same 
powers,  under  way ;  the  confederation  of  the  Canadian  Provinces 
accomplished  thirty  years  ago,  and  confederation  of  the  Australian 
colonies  on  the  eve  of  fulfilment;  and  within  the  last  fortnight  the 
signing  of  the  protocol  of  a  treaty  of  peace  that  removes  the  last 
vestige  of  Spanish  rule  from  the  American  continent,  and  that  in- 
augurates a  new  departure  in  national  policy  for  the  United  States, 
imposing  upon  her  new  and  enlarged  responsibilities,  and  bringing 
her  into  closer  touch  than  ever  before  with  the  European  family  of 
nations.  All  these  events  have  quickened  the  world's  life,  and 
when  affairs  are  finally  adjusted  we  shall  move,  I  trust,  on  a 
measurably  higher  plane  in  the  twentieth  century  than  we  have 
moved  in  the  nineteenth.  It  is  inevitable  that  there  will  be  social 
and  economic  changes,  and  it  ought  to  be  the  business  of  econo- 
mists to  shape  them  in  the  light  of  the  ripest  experience  to  secure 
permanency,  progress  and  peace. 
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[abstracts.] 

An  American  college  of  forestry.  By  Bkrnhard  E.  Fernow,  Ithaca, 
N.  Y. 

With  this  semi-centennial  celebration  of  tlie  American  Association  for 
tlie  Advancement  of  Science,  Section  I  is  entitled  to  combine  a  quarter-cen- 
tennial celebration  of  its  action  at  the  Portland  meeting  in  1878,  which 
has  this  year  culminated  in  a  result  for  which  the  Section,  and  the  As- 
sociation of  which  it  is  a  part,  may  justly  claim  its  share  of  praise  and 
congratulation. 

It  is  nothing  less  than  the  establishment  of  a  professional  school,  where 
a  science  and  art  is  to  be  taught,  which  although  well  developed  in  other 
countries,  was  in  this  country  twenty-flve  years  ago  hardly  known  even 
by  name. 

The  springtide  of  this  year  has  ushered  in  the  organization  of  the  New 
York  State  College  of  Forestry,  at  Cornell  University,  and  with  it  the  first 
professional  center  of  the  science  and  art  of  forestry  iu  this  country,  an 
awakening  of  spring  in  the  forestry  movement  after  a  long  winter  of 
sleep  or  battling  with  snow  and  ice,  with  frigid  indifference  or  culpable 
lethargy.  This  event  marks  the  opening  of  a  new  era  for,  when  even 
the  wild  woods  are  placed  under  the  influence  of  civilization  and  subjected 
to  rational  management,  then  indeed  the  pioneering  stage  of  the  nation 
may  be  said  to  have  passed  and  stable  and  permanent  development  really 
begun. 

There  is  no  aspersion  on  the  efforts  of  earlier  or  later  endeavors  when  I 
claim  that  the  memorial  to  Congress  which,  at  the  instance  of  the  late 
Dr.  Franklin  B.  Hough,  was  offered  by  Section  I  at  the  Portland  meeting, 
endorsed  by  the  Association  and  forwarded  through  the  hands  of  an  active 
committee,  marks  the  starting  point  of  the  concerted  movement  which 
had  in  view  the  introduction  of  forestry,  the  application  of  rational  prin- 
ciples in  the  use  of  our  forest  resources. 

That  action  led  to  the  recognition  of  the  existence  of  such  a  science  and 
art  on  the  part  of  the  Federal  Government  by  the  establishment  of  an 
agency  in  the  U.  S.  Department  of  Agriculture  which  was  to  serve  mainly 
for  purposes  of  popular  education  on  the  subject.  This  agency  later  known 
as  the  Division  of  Forestry  became  at  once  the  center  of  the  movement 
and  nearly  all  other  developments  have  had  more  or  less  direct  or  indirect 
relation  to  this  one. 
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Hitherto,  although  some  sporadic  work  on  professional  lines  has  been 
done,  the  various  agencies  concerned  in  advancing  the  subject  have  con- 
centrated their  efforts,  as  was  necessary,  to  aroasing  public  attention  to 
the  evils  resulting  from  the  absence  of  the  art,  and  to  elucidating  in  a  gen- 
eral way  its  nature  and  metliods,  thus  familiarizing  the  people  with  some 
of  its  teachings,  which  finally  culminated  in  securing  such  legislation  as 
would  in  time  lead  to  its  application.  Forest-flre  legislation,  forestry  com- 
missions with  or  without  administrative  powers,  mostly  with  only  educa- 
tional functions,  and  forest  reservations  on  public  lands  have  been  the 
result. 

The  growth  of  the  idea  among  the  people  also  induced  some  of  the  ag- 
ricultural colleges  and  other  educational  institutions  to  offer  short  courses 
on  Forestry,  mostly  of  a  cursory  or  synoptical  nature,which  being  intrusted 
to  professors  of  botany  or  horticulture  naturally  concerned  themselves 
either  with  botanical  or  dendrologlcal  questions  or  else  with  certain  phases 
of  silviculture.  While  in  no  way  professional  from  the  forester's  point 
of  view,  they  have  had  undoubtedly  a  value  in  educational  directions,  in- 
teresting students  in  the  subject  and  giving  them  correct  ideas  regarding 
certain  parts  of  the  same. 

The  New  York  State  College  of  Forestry,  however,  is  the  first  institution 
in  this  country,  where  a  professional  study  of  the  whole  subject  in  all  its 
phases  may  be  pursued  with  opportunities  almost  equal  to  the  best  in 
European  forestry  schools,  excepting  only  the  object  lessons  in  the  woods, 
which  for  the  present  are  still  absent,  but  for  which  provision  Is  made. 

Thus  while  the  art  of  forestry  is  not  yet  practised,  a  place  for  the 
study  of  the  science  which  must  underlie  the  application  of  the  art  is 
established,  a  gratifying  result  of  a  twenty-five  years*  educational  cam- 
paign for  the  advancement  of  the  science 

It  may  be  of  interest  to  record  the  more  direct  causes  leading  to  the 
creation  of  this  novel  educational  Institution.  A  continued  agitation  In 
the  state  of  New  York  with  regard  to  the  necessity  of  looking  out  for 
the  future  of  the  forest  cover  of  the  Adlrondacks,  as  the  principal  water- 
shed of  the  state  led  to  legislation,  formulated  by  the  writer  In  1885  which, 
among  other  features,  including  especially  an  effective  forest-flre  law,  cre- 
ated a  Forest  Commission  to  take  charge  of  the  forest  lands  belonging  to 
the  state. 

These  lands  then,  some  700,000  acres,  having  lapsed  to  the  state  for  non- 
payment of  taxes  after  the  valuable  pine  and  spruce  timber  had  been  culled 
by  the  lumbermen,  were  found  In  larger  or  smaller  separate  tracts  scat- 
tered over  the  10,000  or  more  square  miles,  which  constitute  the  Adiron- 
dack mountain  country. 

It  soon  became  evident  that  to  exercise  an  effective  influence  upon  the 
condition  of  the  forest  cover,  the  state  would  have  to  control  more  of  this 
land  and  finally  a  plan  was  matured,  under  which  the  state  was  to  acquire 
gradually,  by  purchase  or  exercise  of  eminent  domain,  if  necessary,  all,  or 
most,  of  an  area  comprising  3,000,000  acres  in  a  compact  body  as  a  forest 
preserve.     Under  this  plan  the  Forest  Preserve  Board,  instituted  for  the 
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purpose  of  acquiring  the  land,  spent  last  year  a  round  million  dollars  and 
this  year  it  has  a  half  million  at  its  disposal. 

The  original  law  of  1885,  contemplated  a  forest  management  of  the  state 
property,  and  hence  had  conferred  on  the  Forest  Commission  the  right  to 
cut  and  to  sell  wood.  But  no  professional  foresters  were  employed  and 
no  technical  f ofest  management  was  attempted ;  the  right  to  cut  and  to  sell 
was  exercised  simply  in  selling  stumpa<!e  of  spruce  to  lumbermen.  The 
public,  laboring  under  the  mistaken  notion,  that  forest  preservation  re- 
quired cessation  of  all  cutting  of  trees  and  not  trusting  to  the  discretion 
of  its  officers,  rightly  or  wrongly,  attempted  to  remedy  the  absence  of  tech- 
nical advice  by  inserting  into  the  constitution  of  the  state  a  clause,  which 
prevented  all  cutting  of  wood  on  state  lands,— a  foolish  provision  from 
the  forester's  point  of  view,  but  perhaps  from  the  standpoint  of  expediency 
at  the  time  commendable. 

It  became  apparent  that  it  was  necessary  to  educate  the  people  to  a  true 
conception  of  a  rational  forest  management ;  and  that  an  object  lesson  or 
demonstration  was  needed  in  order  to  show  that  forest  preservation  did 
not  mean  **  Woodman,  spare  that  tree,"  but  **  Woodman,  cut  that  tree  ju- 
diciously"—in  other  words,  that  forest  utilization  and  forest  preservation 
by  means  of  forest  reproduction  were  not  incompatible. 

Imbued  with  this  idea,  the  superintendent  of  forests,  of  the  re  organized 
or  consolidated  Fisheries,  Game  and  Forest  Commission  in  his  report  for 
1896-7  sugj;ested  the  establishment  of  such  a  demonstration  of  technical 
forest  management. 

Governor  Black,  becoming  interested  in  the  proposition,  conceived  the 
idea  that  such  an  experiment  requiring  a  long  time  of  continuous  un- 
changed policy  had  best  be  removed  from  the  ever- varying  influences  of 
politics  and  should  be  entrusted  to  a  strong  and  stable  educational  insti- 
tution. 

This  thought  suggested  the  desirability  of  going  a  step  farther,  namely, 
to  provide  at  the  same  time  for  the  education  of  professional  foresters, 
the  future  managers  of  the  state  forest  property,  when  with  the  accom- 
plished demonstration  and  the  existence  of  competent  mechanical  advice 
the  constitutional  bar  to  rational  forestry  might  be  removed. 

Cornell  University  was  selected  to  undertake  the  experiment;  a  bill 
was  drafted,  introduced  in  the  Legislature  early  in  February,  was  passed 
and  received  the  Governor's  signature  in  April  and  on  the  sixteenth  of 
that  month,  by  action  of  the  Board  of  Trustees,  the  University  accepted 
the  responsibility  and  established  the  college  by  the  election  of  the  writer 
as  its  Director. 

Although  a  state  institution,  and  as  such  dependent  upon  appropria- 
tions provided  by  the  Legislature,  the  state  college,  while  having  its  own 
separate  faculty  organization,  is  organically  connected  with  the  Univer- 
sity and  has  the  benefit  of  the  entire  plant  of  the  same  with  some  one 
hundred  and  eighty  professors  and  instructors,  at  least  thirty  of  whom 
will  be  called  upon  to  furnish  instruction  to  students  of  the  college  in 
fundamental  and  supplementary  sciences. 
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In  thus  connecting  a  forestry  school  with  a  fully  equipped  university, 
the  most  advanced  German  ideas  in  forestry  education  are  realized. 
While  in  that  country  in  which  forestry  is  best  developed,  of  the  nine 
higher  schools  of  forestry  only  three  are  connected  with  universities,  it 
has  become  more  and  more  apparent  to  the  educators  and  even  to  the 
directors  of  these  separate  institutions,  that  the  advantages  derived  from 
the  broader  education  and  fuller  equipments  at  the  Universities  far  out- 
weigh the  advantages  of  the  separate  academies  which  were  mainly  seen 
in  their  location  near  the  woods  and  demonstration  areas.  It  is  now  rec- 
ognized that,  with  modern  methods  of  communication,  the  woods  can  be 
more  readily  reached  from  a  railroad  center,  that  at  any  rate  only  a  limited 
amount  of  practical  Instruction  is  possible  at  the  school  wherever  located 
the  practice  coming  preferably  after  a  thorough  theoretical  instruction ; 
and,  finally,  it  has  been  realized  that  the  Isolation  of  the  academy  Is  a  det- 
riment both  to  professors  and  students  by  Its  mental  isolation. 

For  the  present  there  are  three  teachers  of  forestry  at  the  new  college 
provided  for,  namely,  the  director  and  two  Instructors,  with  the  possi- 
bility of  utilizing  the  manager  of  the  demonstration  or  college  forest  to 
assist,  although  the  distance  of  the  latter  would  make  such  participation 
of  the  manager  in  educational  lines  possible  only  during  summer  courses 
and  on  excursions  to  the  school  forest. 

This  teaching  force  is  equal  to  the  lowest  requirements  and  can  be  sat- 
isfactory only  for  a  beginning,  while  the  college  Is  in  its  Infancy.  The 
best  German  Institutions  have  four  and  five  full  professors  and  only  the 
less  favored  are  satisfied  with  two  full  professors  of  forestry  without 
administrative  functions.  The  University  of  Munich  has  six  professors 
of  whom  two  are,  however,  teachers  of  forest  botany  and  soil  physics 
which  are  not  exactly  forestry  branches  but  form  fundamentals  to  be 
taught  in  the  departments  of  botany  and  geoiogy. 

A  satisfactory  organization  which  would  do  justice  both  to  the  teach- 
ing and  the  research  work,  Is  more  needed  in  this  country  than  abroad 
and  would  require  three  full  professors  with  at  least  two  instructors,  or 
assistants  corresponding  to  the  three  groups  into  which  forestry  subjects 
can  be  divided  according  to  their  basis,  namely,  those  which  are  mainly 
dependent  upon  natural  sciences,  and  are  concerned  with  forest  crop 
production,  as  silviculture,  forest  protection,  timber  physics ;  those  which 
are  mainly  based  upon  mathematics  and  engineering  and  are  concerned 
with  the  practical  management  of  a  forest  property,  as  forest  exploita- 
tion, forest  mensuration  and  forest  regulation ;  those  which  are  mainly  of 
a  philosophical  character,  requlrlni;  a  full  appreciation  of  all  the  bearings 
of  the  subject  under  which  head  forest  administration,  valuation  and 
statics,  history,  statistics  and  forestry  politics  may  be  grouped. 

The  assistants  would  find  ample  work  in  aiding  the  professors  in  the 
lecture  room,  on  excursions  and  practical  demonstrations  and  In  carrying 
on  special  Investigations. 

In  spite  of  the  deficiency  In  the  faculty,  which  moreover  is  due  to 
the  smallness  of  the  appropriation,  namely,  $10,000  for  the  first  year, 


Digitized  by 


Google 


SOCIAL   AND    ECONOMIC   SCIENCE.  523 

which  is  limited  to  the  expenses  of  the  director  and  an  assistant  pro- 
fessor who  acts  also  as  forest  manager,  the  courses  of  studies  announced 
have  been,  nevertheless,  made  full,  comprising  twelve  courses ;  the  ex- 
pectation being  that  no  students  for  the  senior  year  will  be  ready  before 
the  deficiencies  In  the  faculty  can  be  supplied  with  increased  appropria- 
tions. 

The  course  of  studies  leading  to  the  degree  of  Bachelor  in  the  science 
of  Forestry  has  been  made  to  cover  four  years,  corresponding  in  this 
particular  to  the  most  advanced  ideas  of  German  educators  in  forestry 
rather  than  to  the  general  practice.  In  this  course  the  first  two  years 
are  entirely  given  up  to  studies  of  the  fundamental  sciences,  while  for- 
estry subjects  and  supplemental  studies  are  left  for  the  last  two  years. 
This  arrangement  has  the  advantage  that  forestry  students  may  lay  their 
foundation  at  any  other  educational  institution  and  also  should  any  enter- 
ing upon  the  course  for  some  reason  desire  to  abandon  their  purpose,  they 
will  not  have  wasted  any  time  on  the  specialty  but  find  themselves  pre- 
pared for  any  other  study  involving  natural  sciences  as  a  basis. 

The  required  fundamental  and  supplemental  courses  comprise  altogether 
round  1270  hours,  to  which  450  hours  supplementary  work  are  added  as 
elective  but  desirable,  while  the  forestry  branches  represent  about  600 
hours  of  which  180  are  optional,  making  an  average  of  seventeen  hours  a 
week  of  required  and  elective  work.  In  the  ftmdamental  branches,  botany, 
chemistry  and  geology  with  allied  sciences  require  the  most  attention, 
while  a  considerable  amount  of  time  is  given  to  mathematics,  entomol- 
ogy, political  economy  and  engineering,  especially  map  making  and  road 
building.  It  is  also  proposed  to  add  a  course  on  pisciculture  and  vencry, 
since  the  future  forest  managers,  at  least  on  the  state  property,  will  un- 
doubtedly have  charge  of  taking  care  of  the  fish  and  game,  which  gener- 
ally or  often  form  parts  of  a  forest  property. 

While  these  full  courses  are  designed  to  equip,  as  completely  as  may  be, 
managers  of  large  forest  properties,  on  which  wood  cropping  is  to  be 
carried  on  as  a  business,  the  college  will  also  endeavor  to  satisfy  other 
classes  of  students  who  desire  only  a  more  or  less  cursory  knowledge  of 
the  subject  or  some  of  its  branches,  such  as  students  of  political  econ- 
omy or  owners  of  timberlands.  who  wish  to  practise  silviculture  at  least. 
Finally,  the  requirement  of  the  law,  which  prescribes  that  the  college 
shall  impart  the  results  of  the  management  of  the  demonstration  forest, 
will  be  construed  to  mean  that  the  function  of  the  college  is  to  pull  up 
the  stumps  of  ignorance  regarding  forestry  wherever  they  present  them- 
selves. The  University  extension  spirit  will  prevail.  Finally,  it  may  also 
establish  summer  schools  designed  to  educate  foremen  and  underf oresters 
in  forestry  principles,  an  educational  move  which  is  as  much  needed  as 
that  for  the  training  of  forest  managers  for  whom  the  college  is  origi- 
nally designed  to  provide. 

The  one  drawback  under  which  the  college  will  labor  at  first  and  indeed 
for  some  time  to  come,  is  the  absence  of  object  lessons  in  the  field,  the 
demonstration  of  principles  applied  in  practice.    To  be  sure,  a  demon- 
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stratlon  area  of  80^000  acres  has  been  set  aside  in  the  Adirondacks,  "which 
will  in  time  supply  the  deficiency,  sooner  In  some  directions,  later  in 
others,  since  results  in  forest  management  are  as  slow  to  accomplish,  as 
the  slowness  of  the  crop  would  lead  us  to  expect. 

However,  since  the  conditions  in  the  Adirondack  region  are  special, 
not  only  because  of  topography  and  climate,  but  because  of  the  few  spe- 
cies of  timber  trees  involved,  this  single  demonstration  area  cannot  suf- 
fice and  in  order  to  secure  variety  of  conditions  other  areas  will  have  to 
be  obtained.  This  does  not  necessarily  imply  purchase  of  such  areas  by 
the  State;  it  will  be  possible  in  the  future  to  secure  the  cooperation  of 
private  timberlaud  owners,  who  may  permit  the  college  to  prepare  work- 
ing plans  for  their  lands  and  may  be  willing  to  apply  forestry  principles 
in  their  management,  first  in  that  genero\is  spirit  by  which  all  our  educa- 
tional movements  are  supported  and  finally  because  of  the  financial  bene- 
fits they  may  derive  from  it. 

There  are  now  some  such  attempts  at  forest  management  to  be  fonnd 
in  various  parts  of  the  country,  which  may  be  visited  by  stndents  in  ex- 
cursions during  vacation  time.  Finally,  a  visit  to  the  Knropean  forests 
under  management  will  be  found  profitable  to  students  at  the  end  of  their 
studies  and  with  full  theoretical  Icnowledge  to  guide  them,  even  a  brief 
visit  will  be  of  much  interest  and  educational  value. 

The  demonstration  In  the  Adlrondncks,  as  far  as  forest  regulation  and 
administration  are  concerned,  may  be  made  to  form  a  pattern  for  almost 
any  other  region ;  as  far  as  silvicultural  methods  are  concerned,  its  teach- 
ings will  be  applicable,  not  only  to  the  entire  Adirondacks,  but  to  a  large 
part  of  the  New  England  forest  area,  in  which  spruce  is  or  has  been  the 
principal  timber  tree. 


High  wages  in  money  or  what  money  will  buy  the  consequent  of 
A  LOW  cost  of  production.    By  Edward  Atkinson,  Boston,  Mass. 

Mr.  Atkinson  presented  the  facts  justified  by  the  experience  of  the  last 
fifty  years  and  more,  that  the  constant  tendency  in  this  country,  which  has 
been  substantially  free  from  militarism  and  in  which  trade  is  absolutely 
free,  has  been  to  lower  prices,  a  lessened  margin  of  profit,  higher  wages, 
and  a  very  great  increase  in  the  aggregate  of  capital.  He  traced  out  the 
effect  of  invention  in  lifting  those  already  possessing  skill  and  aptitude  in 
the  arts  to  higher  and  higher  positions,  while  enabling  those  who  had  been 
common  laborers  to  become  skilled  operatives  in  a  very  short  time  in  the 
direction  of  machinery  more  or  less  automatic. 

He  further  held  ihat  there  had  been  a  full  and  complete  justification  of 
the  axiom  of  Frederic  Bastiat :  **  In  proportion  to  the  increase  of  capi- 
tal the  absolute  share  (of  a  given  product)  falling  to  capital  is  augmented, 
but  the  relative  share  is  diminished ;  on  the  other  hand,  the  share  falling 
to  labor  is  increased  both  absolutely  and  relatively." 
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He  then  took  up  the  theory  of  Malthus  published  just  a  century  ago 
upon  which  Darwin  and  Wallace  both  stated  that  they  had  derived  the 
theory  of  natural  selection  and  survival  of  the  fittest.  He  then  showed 
that  the  tendency  which  Malthus  held  to  be  a  rule  that  population  in- 
creased in  a  geometrical  ratio,  while  the  means  of  subsistence  increased 
only  in  an  arithmetical  ratio  has  been  completely  disproved  by  the  prog- 
ress of  the  century.  Had  this  theory  been  true  the  retrogression  of  the 
century  would  have  been  marked  by  Increasing  prices,  less  abundance, 
larger  profits  and  lessening  wages. 

He  further  held  that  the  theory  of  Malthus  had  no  standing  and  ven- 
tured to  suggest  that  Malthus,  Darwin,  and  Wallace  had  dealt  with  man 
simply  as  an  animal  dominated  by  the  forces  of  nature.  He  pointed  out 
that  according  to  the  Jewish  myth  of  the  creation  and  throughout  the 
history  of  thought  mankind  had  proved  to  be  endowed  with  the  power 
to  direct  the  forces  of  nature  and  to  become  a  factor  in  production  wholly 
beyond  and  aside  from  the  mere  physical  forces  or  properties  of  labor. 

He  further  held  that  while  the  dogma  of  Malthus  had  been  discarded, 
the  theory  of  evolution  presented  by  Darwin  and  Wallace  must  be  consid- 
ered incomplete,  the  survival  of  the  fittest  falling  to  the  mentally  strong 
rather  than  to  the  physically  strong.  Therefore,  while  evolution  might  be 
considered  one  of  the  most  important  steps  in  the  development  of  science 
that  had  yet  occurred,  it  needed  the  further  treatment  on  the  metaphysi- 
cal side,  to  the  end  that  the  evolution  of  the  mental  capacity  of  mankind 
and  of  the  power  of  man  to  direct  the  forces  of  nature  to  ever  Increas- 
ing material  welfare  might  be  fully  presented  as  a  department  of  science. 

[This  paper  is  published  in  full  In  Popular  Science  Monthly,  October, 
1889.] 


Local  lifb  by  local  time.    By  S.  Edward  Warrex,  C.E.,  Newton, 
Mass. 

The  substance  of  this  paper  directed  attention  to  the  desirability  and 
practicability  of  such  *'  life,"  the  **  local  time"  being,  however,  expressed 
in  standard  time.  The  bearings  of  average  and  extreme  discrepancies  be- 
tween local  and  standard  time  on  many  of  the  doings  of  daily  life  were 
pointed  out,  the  contrast  between  "  last"  and  "  slow"  standard  time  noted ; 
also  the  conditions  on  opposite  sides  of  the  boundaries  between  'Hime 
belts;"  and  the  suggestion  was  made  that  census  statistics  might  some  day 
show  a  noticeable  diffference  between  vital,  industrial  and  social  condi- 
tions, far  east  and  those  far  west  of  standard  meridians  —  all  for  the 
purpose  of  calling  the  attention  of  social  investigators  to  what  may  be 
something  worth  taKing  into  account. 
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A   STUDY  IN  COMPBTITION  AND  SUBURBAN    PRICES.      By   S.  EdWAKD  WaM- 

REN,  C.E.,  NewtOD,  Mass. 

This  paper  proposed  competition  between  localities  rather  than  between 
dealers  in  the  same  locality,  and  pointed  out  ways  in  which  by  a  policy  of 
concentration  or  consolidation  of  local  dealers  various  reductions  in  ex- 
penses could  be  made,  whereby  suburban  prices  might  be  made  as  favor- 
able as  those  of  the  large  commercial  cities. 


Executive  discretion  in  the  United  States.    By  Cora  Aonks  Bwi- 
NESuN,  A.M.,  LL.B.,  Cambridge,  Mass. 

1.  Discretionary  power  conferred  upon  the  Executive  by  the  Consti- 
tution. 

The  Constitution  created  for  the  Executive  a  sphere  of  authority  within 
which  he  is  independent.  It  discriminated  between  what  he  is  merely 
empowered  to  do  and  what  he  is  obliged  to  do. 

The  earlier  writers  denied  to  the  Executive  any  other  powers  than  those 
enumerated  in  the  Constitution,  yet,  the  executive  domain  has  been  much 
enlarged  by  acts  of  Congress,  decisions  of  the  courts  and  independent  ex- 
ecutive acts. 

2.  Enlargement  of  the  executive  domain, 
(a)  By  acts  of  Congress. 

In  the  United  States  the  Executive  cannot  initiate  law ;  his  participation 
in  direct  legislation  is  limited  to  the  veto.  He  can,  however,  recommend 
measures  and  both  his  powers  and  duties  have  been  increased  by  Congress 
under  the  requirement  "  he  shall  take  care  that  the  laws  be  faithfully  exe- 
cuted." For  instauce,  the  first  Congress  decided  that  the  power  of  ap- 
pointment implied  the  power  of  removal,  from  which  Jackson  developed 
the  Spoils  System ;  Congress  also  increased  the  President's  patronage  by 
vesting  in  him  the  appointment  of  many  inferior  oflflcers ;  it  created  the 
executive  departments  and  extended  them  to  subjects  not  contemplated  by 
the  Constitution ;  it  gave  him  power  to  call  out  the  militia,  to  decide  when 
the  United  States  government  is  bound  to  interfere  and  which  of  two  rival 
organizations  constitutes  the  legal  government  of  a  state;  finally,  by  au- 
thorizing Lincoln  to  suspeud  the  privilege  of  the  writ  of  habeas  corpus 
it  established  its  right  to  confer  upon  the  President  unlimited  discretion. 

{b)  Enlargement  of  the  executive  domain  by  decisions  of  the  courts. 

'i'he  courts  will  not  decide  abstract  questions  concerning  the  limits  of 
the  executive  authority,  but  in  litigation  they  have  recognized  that  the  duty 
of  the  President  is  not  limited  to  the  enforcement  of  acts  of  Congress  ac- 
cording to  their  express  terms.  For  instance,  without  positive  provision 
of  law,  he  may  seize  timber  cut  by  trespassers  on  United  States  lands ;  he 
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may  protect  with  au  armed  guard  a  judge  of  the  United  States  Courts  in 
the  discharge  of  his  official  duties  and  a  Federal  officer  who  takes  life  in 
such  defence  is  not  answerable  in  the  state  courts ;  by  interpretation  his 
power  to  pardon  has  been  extended  to  general  proclamations  of  amnesty. 

(c)  Enlargement  of  the  executive  domain  by  independent  executive  acts. 

In  the  process  of  executing  the  laws,  the  President  may  interpret  the 
Constitution  and  statutes.  The  executive  interpretation  will  then  remain 
the  law  of  the  land  until  revised  by  new  laws  or  court  decisions.  Washington 
interpreted  the  President's  right  to  receive  ambassadors  as  implying  the 
right  to  refuse  to  receive  them,  an  act  by  which  war  may  be  declared ; 
Jefferson  affirmed  that  he  had  no  constitutional  authority  for  the  purchase 
of  the  vast  territory  beyond  the  Mississippi;  Polk  began  the  Mexican 
War  before  Con'gress  had  declared  it ;  the  Monroe  Doctrine  was  the  dictum 
of  a  president:  Lincoln  wrote  the  Emancipation  Proclamation  without 
consulting  even  his  Cabinet,  justifying  it  as  a  war  measure. 

3.  Influence  of  war  upon  the  competence  of  the  President. 

A  declaration  of  war  brings  into  action  at  once  the  full  discretionary 
power  of  the  President.  Lincoln's  extraordinary  measures  in  the  early  part 
of  the  Civil  War  did  not  define  how  far  the  President  may  proceed  with- 
out the  aid  of  statutes,  because  Congress  subsequently  legalized  his  acts, 
but  they  changed  the  political  estimate  of  the  competence  of  the  American 
Executive.  Before  then  the  executive  was  called  the  weakest  department 
of  the  government :  now  we  hear  the  cry  that  it  is  becoming  imperial. 

4.  Delegation  of  discretionary  power. 

The  President  cannot  delegate  his  legal  or  political  responsibility.  He 
can  confer  discretionary  power  upon  his  executive  agents,  but  their  acts 
are  in  law  his  acts.  The  Cabinet  was  not  created  by  the  Constitution  nor 
by  law ;  it  has  no  collective  responsibility.  The  President  cannot  allege 
the  advice  of  his  ministers  as  an  excuse  for  mistakes. 

The  heads  of  departments  issue  the  most  important  regulations.  Their 
ordinances  have  the  force  of  law  nnd  no  appeal  lies  from  their  decisions 
to  the  President,  except  in  questions  of  jurisdiction.  They  chose  the  ma- 
jority of  the  employes  attached  to  their  services  and  may  also  remove 
them. 

During  our  early  history  very  little  supervision  was  exercised  by  the 
higher  administrative  officers  over  the  lower,  because  the  statutes  mi- 
nutely defined  their  duties.  Central  supervision  has  increased  with  the  de- 
velopment of  the  nation. 

The  mistakes  of  subordinate  officials  may  generally  be  corrected  by  ap- 
pealing to  their  superiors ;  if  no  remedy  is  obtained  application  may  be 
made  to  the  courts  of  the  District  of  Columbia,  thence  an  appeal  lies  to  the 
Supreme  Court  of  the  United  States. 

5.  Distinction  between  ministerial  and  discretionary  acts. 

When  discretion  and  judgment  are  to  be  exercised  by  an  executive  offi- 
cer the  courts  will  not  interfere.  Ministerial  duties  they  will  enforce  by 
mandamus. 

Illustrated  in  the  Patent  Office  where  the  Commissioner  of  Patents  is 
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vested  with  discretion  to  decide  whether  the  claim  of  an  applicant  is  pa- 
tentable; no  appeal  lies  from  him  to  the  Secretary  of  the  Interior  or  to 
the  courts. 

Also  illustrated  by  the  recent  case  of  Williams  versus  Mississippi,  in 
which  the  Supreme  Court  of  the  United  States  sustained  the  right  of  the 
election  commissioners  under  the  new  constitution  of  Mississippi  to  use 
their  discretion  in  judging  of  the  qualiflcalions  of  electors. 

6.    Control  of  executive  discretion;  its  relation  to  civil  liberty. 

The  courts  cannot  control  the  President  in  the  performance  of  his  ex- 
ecutive duties ;  nor  will  they  review  his  acts  when  the  attempt  will  bring 
them  Into  direct  conflict  with  him. 

Jefferson  ignored  a  subpoena  to  appear  at  the  trial  of  Aaron  Burr ;  under 
the  Instructions  of  Lincoln  an  officer  in  the  Federal  army  disregarded  a 
writ  of  habeas  corpus;  the  United  States  Supreme  Court  held  that  it  had 
no  jurisdiction  of  a  bill  to  enjoin  President  Johnson  from  carrying  out  the 
reconstruction  acts  in  Mississippi  alleged  to  be  unconstitutional  and  that 
if  the  injunction  were  allowed  and  the  President  refused  obedience,  the 
court  was  without  power  to  enforce  it.  Judicially,  the  President  can  be 
reached  only  by  impeachment. 

A  vote  of  Congress  disapproving  the  President's  polley  need  not  affect 
him;  bills  attempting;  to  prescribe  his  conduct  he  can  veto.  The  Senate, 
however,  where  its  coordinate  is  required,  may  obstruct  him.  It  may 
pass  bills  over  his  veto,  may  reject  the  treaties  he  has  negotiated,  may  re- 
fuse its  cooperation  in  sending  diplomatic  agents,  may  not  confirm  his 
most  important  nominations  and  may  so  vest  the  appointment  of  Inferior 
officers  as  to  deprive  him  of  a  large  amount  of  patronage.  Congress  may 
withhold  appropriations  to  carry  on  the  executive  work  and  may  reduce 
the  President's  office  of  commander-in-chief  to  a  mere  title  by  giving  him 
no  army  and  navy  to  command.  Of  Hiese  possible  legislative  restrictions 
two  only  have  interfered  with  executive  discretion,  namely,  the  control 
over  appropriations  and  appointments. 

Attaching  '*  riders"  to  appropriation  bills  was  a  device  of  Congress  to 
control  the  President  through  the  money  power. 

The  Senate  Appropriations  Committee  recently  attempted  to  prevent 
the  President  from  appointing  the  Canadian  Commission  by  rejecting  the 
item  of  $50,000  to  defray  its  expenses.  Had  this  not  been  restored,  a 
resource  remained  to  the  President  in  the  fund  placed  to  his  discretionary 
credit  "  to  meet  unforeseen  emergencies  arising  in  the  diplomatic  and 
consular  service  and  to  extend  the  commercial  and  other  interests  of  the 
United  States." 

Congress  may  reduce  the  salary  of  any  official  except  the  President  and 
judges.  The  service  has  occasionally  lost  valuable  officers  by  not  paying 
them  salaries  sufficient  to  maintain  the  social  positions  required  of  them. 

Congress  controls  the  President's  power  of  appointment  through  the 
♦*  Courtesy  of  the  Senate,"  which  obliges  him  to  choose  nominees  accept- 
able to  the  senators  of  his  party  from  the  state  in  which  the  offices  are  to 
be  filled.    The  Senate  have  converted  the  right  to  confirm  into  a  power  to 
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dictate  and  have  thus  captured  a  large  amoaQt  of  patronage  that  belongs 
to  the  President. 

The  Senate  tried  to  exact  from  the  President  a  statement  of  his  reasons 
for  each  removal  and  all  papers  relating  thereto,  but  in  this  was  saccess- 
faUy  resisted  by  President  Cleveland. 

The  Senate  has  never  refused  to  confirm  the  President's  selection  of 
his  Cabinet  except  in  the  case  of  President  Johnson;  it  also  prevented 
him  from  appointing  Judges  to  the  Supreme  Court  by  passing  a  statute 
providing  that  no  vacancy  should  be  filled  until  their  number  was  reduced. 

Since  the  Constitution  forbids  United  States  officers  from  being  mem- 
bers of  either  House  and  the  heads  of  departments  cannot,  therefore, 
defend  the  policy  of  the  administration  publicly  in  Congress,  the  direct 
communication  between  the  executive  and  legislative  branches  of  gov- 
ernment is  through  Congressional  committees.  These  exert  a  very  potent 
control.  Their  exactions  from  the  executive  departments  in  the  way  of 
statistics,  special  information  and  documents  originated  the  expression 
"  tyranny  of  Congress."  Bryce  calls  them  **  a  second  meeting  of  minis- 
ters before  whom  the  departments  tremble." 

We  speak  of  the  "President's  Policy,"  but  he  cannot  oblige  Congress  to 
deliberate  upon  any  of  the  measures  he  recommends.  The  policy  of  the 
country  is  really  decided  in  the  standing  committees,  their  only  rival 
being  the  legislature  caucus,  in  which  the  members  of  a  party  come  to 
an  understanding  upon  the  position  to  be  taken  on  the  floor  of  Congress. 

What  relation  does  this  legislative  and  party  control  of  executive  dis- 
cretion bear  to  civil  liberty? 

The  people  know  little  of  committee  meetings,  the  details  of  their 
proceedings  are  not  published.  Still  less  do  they  know  of  the  legislative 
caucus,  which  is  private.  The  President  is  the  one  they  hold  accountable. 
If  he  is  hampered  In  the  use  of  his  discretion,  what  security  is  there  that 
the  laws  will  be  faithfully  executed?  It  is  important  to  the  nation  that 
he  preserve  his  independence ;  even  war  may  serve  a  good  purpose  if  it 
conduce  to  this  end,  by  calling  into  action  his  extraordinary  powers  as 
military  executive. 

There  is  no  danjger  that  the  President  will  become  Imperial  unless  the 
people  cooperate  to  make  him  so ;  if  they  ever  do  that,  it  will  mean  that 
they  desire  a  fundamental  change  in  government. 


The  short  duration  of  school  attend ancb:   causes  and  remedies. 
By  Mrs.  Daniel  Folkmar,  Milwaukee,  Wis. 

The  conclusion  reached  by  Professor  Folkmar  in  a  statistical  study  of 
the  '*  Duration  of  School  Attendance  In  Chicago  and  Milwaukee"^  Is,  that 
of  the  pupils  enrolled  in  the  public  schools,  one-third  never  go  beyond  the 

>  Proceedings  of  the  WlBConeiii  Academy  of  Science,  Arts  and  Letters  for  1897,  p. 
567. 
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first  grade,  one-half  drop  out  before  reaching  the  second  grade,  three- 
fonrths  fall  to  reach  the  grammar  grades,  nine-tenths  do  not  go  l)e7ond 
the  seyenth  grade,  and  only  three  in  a  hundred  get  into  the  high  school, 
only  three  in  a  thousand  graduate  from  the  high  school,  and  that  the  av- 
erage, total  period  of  schooling  Is  less  than  three  grades. 

What  are  the  causes  of  this  short  duration  of  school  attendance?  How 
may  we  lengthen  the  period  of  school  attendance?  Under  present  condi- 
tions of  attendance  how  may  we  better  provide  for  the  child  while  in 
school? 

Among  the  causes  for  the  short  duration  of  school  attendance  are  the 
present  social  and  economic  condition  of  the  country,  the  Improper  dis- 
tribution of  school  rooms  and  teaching  force  among  the  several  grades  of 
pupils,  unpedagoglcal  and  unsoclologlcal  courses  of  study,  lack  of  popu- 
lar demand  for  the  higher  education  of  the  masses  and  poor,  compulsory 
laws  of  education. 

Among  the  remedies  for  the  short  duration  of  school  attendance  and  the 
better  caring  for  the  child  under  present  conditions  are:  (1)  the  exten- 
sion of  the  parental  function  of  the  state  to  the  physical  care  of  children 
when  necessary  during  the  period  of  compulsory  school  attendance ;  (2) 
an  Increase  in  the  number  of  buildings  so  that  not  more  than  thirty  pupils 
shall  be  placed  In  a  room ;  (8)  an  Increase  In  the  number  and  the  qaallty 
of  the  teaching  force  for  the  primary  grades;  (4)  aprunlng  of  the  courses 
of  study  of  the  non-essentials  and  a  restoring  of  the  essentials  (the  de- 
spised three  R's)  to  the  place  of  first  Importance ;  (5)  an  Increase  in  the 
number  of  kindergartens;  and  (6)  the  passage  of  a  compulsory  edncatlon 
law  that  can  be  enforced.  Such  law  should  require  attendance  at  school 
between  the  ages  of  six  and  twelve  whenever  schools  are  In  session,  at- 
tendance at  school  for  sixteen  consecutive  weeks  each  year  between  the 
ages  of  twelve  and  fourteen,  and  attendance  at  school  between  the  ages  of 
twelve  and  sixteen  whenever  not  employed.  The  enforcement  of  the  law  to 
be  made  possible  by  laws  providing  for  the  physical  care  of  children  dar- 
ing school  age  when  necessary,  by  child-labor  laws,  and  by  the  establish- 
ment of  truancy  and  ungraded  schools. 

The  child  who  merely  compiled  with  the  conditions  of  this  law  would 
receive  the  Instractlon  of  all  the  primary  and  grammar  grades  Instead  of 
less  than  three  grades  as  Is  at  present  the  case. 

[This  paper  Is  printed  In  full  In  Journal  of  Social  Science,  Janoary, 
1899.] 


Maritimb  commerce:  past,  puksknt,  KuruRU.    By  Elmer  L.  Corfhkll, 
M.A.,  D.Sc.,  New  York,  N.  Y. 

It  Is  not  the  purpose  of  this  paper  to  discuss  those  general  commercial 
features,  which  from  time  to  time  are  brought  out  by  the  expert  statisti- 
cians, like  Mr.  Mulhali  and  Mr.  Kiaer  of  Christiana.  These  features  will 
be  only  briefly  referred  to  as  related  subjects,  and  having  to  do  more  with 
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the  economies  of  Maritime  commerce,  witli  wliich  it  is  not  proposed  to 
deal  in  tliis  paper.  The  qaestions  relating  to  naval  vessels  will  not  be  dis- 
cussed, for  the  reason  that  the  dimensions  of  thescvessels  are  not  depend- 
ent at  all  upon  the  requirements  of  commerce,  except  as  to  depth  of  en- 
trance channels,  but  upon  the  changing  conditions  of  naval  warfare,  such 
as  the  advancing  state  of  projectiles,  defensive  armor,  methods  of  attack 
and  defence,  coal  capacities,  coast  defence,  and  rapid  movements  upon 
the  seas,  disclosed  by  the  recurring  wars,  like  the  China-Japan  and  the 
Spanish- American  conflicts. 

The  main  features  of  this  paper  will  relate  to  the  changes  that  have 
taken  place  since  this  Association  was  founded,  in  the  last  half  century, 
in  the  method  of  maritime  transportation  from  sail  to  steam,  wood  to 
iron  and  steel,  eflTective  carrying  power  of  the  commercial  navies  of  the 
world,  dimensions  of  ocean  vessels,  and  the  facilities  of  the  harbors  and 
ports. 

The  main  purpose  of  the  paper  will  be  to  form  as  reliable  an  opinion  iis 
possible  of  future  requirements  as  to  dimensions  of  channels  and  depths 
in  them,  and  in  the  ports  of  the  world,  in  order  that  the  Governments, 
general  and  municipal,  may  know  what  they  have  before  them  in  the  way 
of  harbor  improvements  and  may  at  the  opening  of  the  twentieth  cen- 
tury make  the  necessary  provision  for  them  in  respect  to  plans  and  ex- 
penditures. 

In  order  to  bring  the  conditions  more  forcibly  to  the  mind  the  various 
results  of  the  investigations  will,  as  far  as  possible,  be  exhibited  by  dia- 
grammatic curves,  which  will  be  projected  forward  twenty-five  and  fifty 
years  to  convey  an  approximate  Idea  at  least  of  future  requirements. 

The  investigations  which  have  covered  in  all  about  seven  years,  and  to 
which  especially  the  last  year  of  travel  in  Europe  has  been  given,  have 
been  largely  of  the  character  of  original  research,  the  writer  not  having 
been  able  to  discover  results  of  Investigations  by  other  investigators  which 
might  be  used  for  his  purpose. 

In  ascertaining  the  facts  and  conditions,  and  obtaining  a  consensus  of 
opinion  by  those  qualified  to  give  one,  over  forty  ports  of  Europe  have  been 
visited  personally.  A  correspondence  with  the  Engineers  of  ports,  which 
the  writer  was  unable  to  visit,  has  been  carried  on,  and  all  available  sources 
of  information  have  been  utilized. 

The  principal  sources  of  Information  have  been  Lloyd's  Register  of 
British  and  Foreign  Shipping ;  Repertoire  G6n^ral  of  the  Bureau  Veritas ; 
The  Shipping  World  Annual,  London,  and  many  of  Its  weekly  publica- 
tions; U.  S.  Coast  and  Geodetic  Survey;  Report  of  the  Chief  of  Engineers, 
U.  S.  A.;  Coaling,  Docking  and  Repairing  Facilities  of  the  Ports  of  the 
world,  by  the  Naval  Intelligence  Office,  U.  S.  Navy;  Hydrographlc  Charts 
on  file  in  the  U.  S.  Navy  Department;  Tonnage  and  Movement  of  the 
Merchant  Marine  of  the  principal  commercial  countries  by  the  Bureau  of 
Statistics,  U.  S.  Treasury;  Highways  of  Commerce,  Vol.  XII,  U.  S.  Gov- 
ernment Printing  Office;  Commerce  avec  les  pays  Strangers  pendant 
rann6el896;  Statistique  de  la  Belgique,  1897;  Annual  Statement  of  the 
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Navigation  Shipping  of  the  United  Kingdom,  1896 ;  Estadistica  General 
del  Coraercio  Esterior  de  Espania,  1895,  Madrid,  1897;  Report  of  Minister 
of  Finance,  Vienna,  1897;  Special  U.  S.  Consular  Reports.  1896 ;  Mnlhall's 
National  Progress  in  the  Queen's  Reign,  1897,  and  his  Industrie  and 
Wealth  of  Nations,  1896 ;  Reports  of  the  Minister  of  Public  Works  and 
of  Marine  of  Italy;  certain  valuable  compilations  by  Mr.  Gnerard,  Engi- 
neer-ln-chlef  of  the  harbor  of  Marseilles,  exhibiting  the  growth  of  com- 
merce of  the  ports  of  France,  of  Europe  and  of  the  principal  ports  of 
the  world;  the  statements  in  correspondence  by  the  Engineers  of  the 
principal  ports  of  the  world  and  the  views  of  naval  architects,  ship-own- 
ers and  ship-builders. 

This  information  is  of  the  very  latest  dates  as  well  as  of  former  years 
for  purposes  of  comparison. 

The  writer  himself  has  recently  spent  a  month  in  the  Library  of  the 
Institution  of  Civil  Engineers,  London,  and  in  that  of  the  British  Museum 
upon  the  Engineering  and  Commercial  features  of  the  subject,  particularly 
found  in  Lloyd's  Register  of  British  and  Foreign  Shipping  and  in  the  Bu- 
reau Veritas  *'  Repertoire  G6n§ral"  —  collecting,  analyzing,  comparing  by 
periods  since  1848  the  voluminous  data  found  in  those  annual  Reports. 

Not  satisfied  with  the  existing  facts  and  those  of  the  previous  decades, 
he  undertook  to  obtain  the  views  of  the  Engineers  of  the  ports  of  the 
world  and  of  tbe  naval  architects,  ship-builders,  steamship  managers,  and 
agents,  as  to  the  future  dimensions  of  maritime  vessels,  and  the  dimen- 
sions of  channels  for  their  use.  To  obtain  them  he  addressed  a  circular 
letter  covering  all  the  points,  to  fifty-five  Engineers  in  as  many  ports  and 
to  sixty-five  naval  architects,  ship-builders,  managers  and  agents. 

It  win  at  once  be  obvious  that  a  mass  of  information  would  be  gained 
by  such  extensive  investigations  of  which  only  the  principal  results  could 
be  given  in  the  brief  space  allotted  a  paper  read  before  this  Section  of  tbe 
Association.  It  will  also  be  manifestly  impracticable  to  give  detailed  ref- 
erences to  authorities  further  than  has  been  given  above. 

When  this  Association  was  organized  fifty  years  ago,  the  Maritime  com- 
merce of  the  world  was  almost  altogether  carried  in  sailing  vessels  built 
of  wood. 

There  were,  according  to  Lloyd's  Register  of  British  and  Foreign  Ship- 
ping, only  one  hundred  and  twenty-one  steamers,  in  1848,  only  thirty-six 
of  these  built  of  iron;  of  the  ten  thousand  five* hundred  and  seventy-nine 
sailing  vessels  described,  only  seventy-nine  were  built  of  iron. 

The  development  prior  to  this  date  had  not  been  rapid ;  methods  were 
experimental  and  efibrts  were  tentative. 

The  radical  change  from  sail  to  steam  and  from  wood  to  iron  came 
slowly.     Commerce  was  conservative. 

The  first  attempt  to  propel  vessels  by  steam  power  was  made  at  Barce- 
lona, Spain,  in  1543,  then  in  France  in  1707;  in  England  in  1736;  in  the 
United  States  at  Philadelphia  by  John  Fitch  in  1787 ;  then  came  Robert 
Fulton  in  1807 ;  then  on  the  Clyde  in  1812,  when  it  may  be  said  that  steam 
navigation  was  fairly  underway. 
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The  first  steamer  to  cross  the  Atlantic  was  built  in  the  United  States  at 
Sayannah,  Georgia,  in  1819,  by  Col.  John  Stevens,  bat  steam  was  auxil- 
iary only. 

The  first  British  Atlantic  steamer  was  built  at  Quebec  in  1881 .  It  crossed 
in  1838,  and  was  called  the  **  Royal  William."  The  first  passenger  steamer 
crossed  that  year. 

The  first  Cunarder  crossed  in  1840 ;  the  first  steamer  of  the  Collins  Line 
in  1848.  The  first  vessel  fitted  with  a  screw  propeller  was  the  **  Francis 
B.  Ogden,"  built  by  Captain  Ericsson  in  1837. 

The  first  screw  steamer  to  cross  the  Atlantic  was  the  **  Great  Britain" 
in  1846.    She  was  also  the  first  iron  steamer  to  cross  the  ocean. 

The  fastest  passage,  Liverpool  to  New  York,  up  to  1840,  was  made  by 
the  Cunarder  **  Enropa"  in  eleven  days,  three  hours. 

In  1852  the  time  had  been  reduced  by  the  Baltic  of  the  Collins  Line  to 
nine  days,  thirteen  hours. 

The  **  Royal  William"  made  the  passage  from  Quebec  to  London  in  a 
little  over  forty  days;  her  dimensions  were:  length  160  ft.,  breadth  44 
ft.,  depth  17i  ft.,  863  tons  register. 

Compare  this  ship  with  the  '*  Kaiser  Wilhelm  der  Grosse":  length  625 
ft.,  breadth  66  ft.,  depth  43  ft.,  tonnage  14,000,  displacement  20.000  tons, 
28,000  H*  P.,  speed  twenty-five  miles  per  hour.  The  diminutive  size  of  the 
**  Royal  William"  may  be  appreciated  when  compared  with  one  of  the  pow^ 
erful  English  ttig  boats  of  the  present  day,  212  ft.,  30  ft.,  15^  ft.,  712  tons, 
1000  H.  P. 

Compare  it  again  with  the  "  Oceanic,"  now  building  at  Belfast :  704  ft., 
68  ft.,  50  ft.,  displacement 25,000  tons,  tonnage  over  17,000. 

It  is  not  pertinent  to  the  purposes  of  this  paper  to  trace  in  constructive 
or  mechanical  detail  the  development  of  the  means  of  maritime  transpor- 
tation.   All  information  of  this  kind  is  on  record. 

The  growth  of  steamships  is  traced  and  illustrated  in  a  most  interest- 
ing manner  by  Mr.  A.  J.  Maginnis  (member  of  the  Institution  of  Naval 
Architects  of  Great  Britain)  in  his  admirable  work  entitled  **  The  Atlantic 
Ferry,"  published  in  1892,  by  Whittaker  &  Co.,  London.  The  writer  has 
confined  his  investigations  to  the  more  general  features  of  maritime 
commerce  and  has  thought  it  best  to  illustrate  the  results  by  Plates  of 
curves  and  graphical  diagrams,  which  permit  of  an  approximate  forecast 
of  the  future  and  also  some  idea  of  the  requirements  of  commerce  and 
commercial  facilities. 

The  curves  of  plate  I,  and  the  diagrams  of  plate  II,  relate  to  dimensions 
And  facilities ;  the  curves  of  plate  III,  and  the  diagrams  of  plate  IV,  relate 
to  general  features  of  Commerce.  All  features  are  arranged  so  as  to  be 
compared  easily  by  the  eye  and  their  co-relations  appreciated. 

In  projecting  tnese  curves  and  diagrams  forward  to  cover  the  next 
quarter  and  the  next  half  century,  the  restrictions  and  limitations  im- 
posed on  man  by  the  conditions  with  which  he  has  to  deal  must  be  con- 
sidered. 

The  past  fifty  years  have  shown  a  continual  increase  of  steam  naviga- 
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tioD  OD  all  lines,  as  much  in  the  latter  as  in  the  early  part  of  the  half 
century.  Increasing  the  facilities  has  brought  a  continual  increase  in 
commerce. 

Increase  in  number,  size,  speed  and  economy  of  steamships  has  aug- 
mented the  amount  and  decreased  the  relative  value  of  the  goods  trans- 
ported. This  economy  has  made  it  possible  to  transport  goods  of  very 
low  value  long  distances,  which  was  not  possible  in  the  earlier  part  of 
the  period.  This  economy  has  also  brought  new  countries  into  the  com- 
mercial field  which  formerly  could  not  be  reached  at  all.  The  sources  of 
supply  have  thus  been  brought  near  to  the  markets  where  the  demand 
exists.  This  beneficial  change  has  occurred  on  the  land  as  well  as  on 
the  sea,  by  Canals  and  by  the  development  of  Railroad  transportation, 
particularly  in  our  own  country  of  Immense  distances  and  of  districts 
far  removed  from  the  seaboard. 

This  has  been  brought  about  mainly  by  Increase  In  hauling  power  and 
In  the  size  of  freight  cars. 

At  the  beginning  of  the  period  they  had  an  average  capacity  of  only 
about  ten  tons  (equal  to  the  present  capacity  of  the  European  car), 
whereas  now  thirty  tons  is  an  average,  and  even  fifty  tons  is  not  unusuaL 

At  the  time  this  Association  was  founded  four  articles  of  relatively  low 
value  comprised  not  much  more  than  one-half  of  the  weight  of  merchan- 
dise exchanged  between  nations;  namely,  coal,  grain,  timber  and  metals; 
that  Is,  nine  millions  of  these  products  to  seven  millions  of  more  valua- 
ble merchandise ;  now.  It  Is  as  one  hundred  and  twenty  millions  to  sixty- 
five  millions. 

No  doubt  the  decrease  In  cost  of  transportation  had  much  to  do  with 
the  notable  fall  in  prices  in  the  last  fifty  years.  The  average  price  of 
all  articles  of  consumption  was  twice  as  great  In  1848  as  in  1898. 

The  increase  in  efllectlve  Horse  Power  on  the  sea  has  more  than  kept 
pace  with  the  remarkable  increase  shown  on  the  diagram  in  all  other 
features  of  steam  navigation. 

In  1848  the  total  Indicated  Horse  Power  was  two  million ;  now  it  Is 
sixty  million. 

For  reference,  and  In  order  to  .follow  the  curves  and  diagrams  and 
judge  of  the  correctness  of  their  projection  into  the  future,  the  following 
data  are  given  in  tabular  form. 

The  writer  assumes  the  responsibility  of  all  extensions  of  figures  and 
curves  beyond  the  year  1898. 


PLATE  I. 

CURVES  OF   SPECIAL  FEATURRS. 

Curve  No,  L    Average  Length  of  the  twenty  largest  steamships. 

1848 280  ft. 

1878 890     ** 

1881 460    " 
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Curve  No.  1  {continued) . 
1891 
1898 
1923 
1948 


507  ft. 

641  *• 

766  " 

1000  •* 


This  is  made  up  from  the  Repertoire  G6n£ral  of  the  Barean  Veritas  for 
the  years  1878  to  1898  inclusive;  those  for  1848  are  estimated  from 
Lloyd's  Register  of  that  year  from  the  given  tonnage. 

Curve  No.  2.    Average  Breadth  of  the  twenty  lartzrest  steamships. 
1848 86.2    ft. 


1878 
1881 
1891 
1898 
1923 
1948 
This  is  made  up  like  No.  1. 


46 
46 
54.6 
61 
80 
100 


Curve  No.  3.    Average  Depth  of  the  twenty  largest  steamships. 


1848 
1873 
1881 
1891 
1898 
1923 
1948 
This  is  made  up  like  No.  1 


23  ft. 

81.6  ** 

30  '* 

31  ** 
39  '* 
41  •• 
48  •* 


Curve  No. 
ships. 


4.     Average  Loaded  Draught  of  the  twenty  largest  steam- 


1848 
1873 
1881 
1891 
1898 
1923 
1948 


19 
24 
24 
27 
29 
81 
33 


ft 


This,  48  to  98,  is  made  up  from  data  furnished  on  request  of  the  writer, 
by  the  owners  or  builders,  or  from  records  in  the  ports  where  the  vessels 
are,  or  were,  owned. 


Curve  No.  5. 
steamships. 


Average  Speed  in  knots  (sea-mile)  of  the  twenty  largest 


1848 
1873 


9.2 
13 
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1881 15 

1891 17.2 

1898 18 

1928 21 

1948 24 

This  is  made  np  like  No.  4.    All  by  recent  correspoDdence  for  the 

special  purpose  of  this  paper. 

Curve  No,  6.    Average  Tonnage  of  the  twenty  largest  steamships. 

1848 1,430 

1873 4,418 

1881 4,900 

1891 6,977 

1898 10,717 

1923 24,000 

1948 30,000 


Curve  No  7.    Speed  in  Knots,  fastest  steamships. 

1848 

10 

1873 

17.6 

1881 

19 

1891 

20 

1898 

22 

1923        .        .        .         •         . 

26 

1948 

30 

Curve  No,  8.    Number  of  Dry  Docks,  600  feet  long  and  upwards. 

1881 23  ft. 

1891 68  ** 

1898 76  " 

1928 126  *« 

1948 176  ** 

This  is  made  np  from  the  Annual  Repertoire  G6n6ral  of  the  Bureau 
Veritas,  and  from  information  as  to  docks  now  building  or  planned,  ob- 
tained by  correspondence  with  the  Engineers  in  charge. 


PLATE  II. 

GRAPHICAL  DIAGRAMS  OF  SPECIAL  FEATURES. 


Curves  No.  1  to  No.  6  are  shown  by  lines: 
Curves  No.  6  and  No.  7  are  shown  by  squdres. 
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PLATE  11 
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PLATE  III. 


CUR V KB  OF  GENERAL  FEATURES. 


Curve  No,  1,    Total  yvrnJier  of  sailing  vessels. 


1878 

66,281 

1881 

48,684 

1891 

83,8t9 

1898 

29,816 

1928 

17,770 

1948 

10,800 

This  to  1898  Is  made  up  from  tbe  AnDual  Repertoire  G^n^ral  of  the  Bu- 
reau Veritas. 


Curve  No. 

2,     Total  Tonnage  of  sailing  vessels. 

1873 

14,186,836 

1881         .... 

13,872,881 

1891 

10,640,061 

1898 

8,894,782 

1928        .... 

4,700,000 

1948        .... 

3,241,000 

This  is  made  up  like  No.  1. 

Curve  No.  3.    Average  Tonnage  of  sailing  vessels. 

1873 262 

1881 286 

1891 311 

1898 308 

1923 266 

1948 .  800 

This  is  made  up  like  Ko.  1 . 

Curve  No,  4.     Total  Nvmber  of  steamships. 

1848 242 

1873 6,148 

1881  .         .        .  6,399 

1891 9,638 

1898 11,271 

1923 14,926 

1948 16,686 

This  is  made  up  from  Lloyd's  Register  of  British  and  Foreign  Shipping 
and  from  the  Repertoire  General. 
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Curve  No,  5.     Total  Tonnage  of  steamships. 

1848  .....  74,700 

1878 4,828,198 

1881 6,746,198 

1891 12,826,709 

1898 17,889,006 

1928 82,460,000 

1948 46,000,000 

This  is  made  np  like  No.  4. 

Curve  No.  6,    Average  Tonnage  of  steamships. 

1848 810 

1878 841 

1881 1,066 

1891 1,881 

1898 1,687 

1928 2,173 

1948  .        .         .        .         .         .  2,700 

This  is  made  np  Uke  No.  4. 

Curve  No,  7.  Total  Effective  Carrying  Power  of  Steam  and  Sail,  in 
millions  of  tons,  on  the  basis  of  a  ton  of  steam  being  equivalent  to  three 
tons  of  sail.    From  MulhalVs  Statistics. 

1848 164 

1878 .27 

1881 84 

1891 49 

1898 621 

1928 102 

1948 .188 

Curve  No.  8.    Weight  of  Seaborne  Commerce  in  millions  of  tons. 


1848 
1860 
1880 
1893 
1898 
1923 
1948 


26.6 
44.6 

118 

176.6 

201 

318 

436 


This  is  from  Mnlhall's  *'  Industries  and  Wealth  of  Nations,"  which  cov- 
ers the  period  from  1840  to  1893 ;  the  intermediate  year  of  1848  was  ob- 
tained by  interpolation,  and  1898  by  extending  his  figures  by  proportion. 
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Curve  No,  9.  Value  of  Combined  Exports  of  the  ten  leading  Powers  of 
the  Globe  In  billions  of  United  States  dollars. 

1848 1.6 

I860 2.4 

1869 8.5 

1880 6.0 

1890 6.2 

1896 6.6 

1898 6.6 

1923 8.4 

1948 10.0 

This  Is  from  the  report  of  one  of  the  leadinir  statisticians  of  Finance, 
Mons.  Jnles  Roche.  His  table  covers  the  period  from  1850  to  1896 ;  the 
figures  for  1848  and  1898  are  obtained  by  nsing  the  ratios  of  his  yarions 
years. 

PLATE  IV. 

Carves  No.  1  and  No.  4  are  Illustrated  graphically  by  squares. 

Curves  Nos.  2,  8,  5,  6,  7  and  8  are  Illustrated  graphically  by  cubes. 

Curve  No.  9  Is  illustrated  graphically  by  the  U,  S.  dollar  mark. 

We  have  here  seventeen  curves,  and  sixteen  diagrams  which  show  the 
same  features  graphically. 

Standing  as  we  do  at  the  fiftieth  anniversary  of  this  Association,  mid- 
way of  the  first  century  of  Its  existence,  and  sweeping  the  eye  along  these 
seventeen  curves  from  the  beginning  in  1848  to  the  end  In  1948,  what  do 
we  see? 

1.  The  average  length  of  the  twenty  largest  steamships  is  280  ft  In 

1848  and  1000  ft.  in  1948. 

2.  The  breadth  Increases  from  36.2  ft.  In  1848  to  100  ft.  in  1948. 
8.    The  depth  increases  from  23  ft.  in  1848  to  43  ft.  in  1948. 

4.  The  loaded  draft  Increases  from  19  ft.  In  1848  to  33  ft.  In  1948. 

6.  The  speed  Increases  from  9.2  knots  In  1848  to  24  knots  in  1948. 

6.  The  tonnage  Increases  from  1430  In  1848  to  30,000  in  1948. 

7.  The  number  of  graving  docks  600  ft.  long  and  over  increases  from 

23  In  1881  to  176  In  1948. 

8.  The  speed  of  the  fastest  steamships  increases  from    10   knots  in 

1848  to  30  knots  in  1948. 

9.  The  total  number  of  sailing  vessels  decreases  from  66,281  In  1873 

to  10,800  In  1948. 

10.  The  total  tonnage  of  sail  decreases  in  the    same    period  fk-om 

14,185,836  to  3,241,000.  ' 

11.  The  average  tonnage  of  sailing  vessels  In  the  same  period  remains 

practically  stationary,  being  252  In  1873  and  300  In  1948. 

12.  The  total  number  of  steamships    increases    from  242  in  1848  to 

16,685  in  1948. 

13.  The  total  tonnage  of  steamships  Increases  in  the  century  i>eriod 

from  74,700  to  46,000,000. 
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14.    The  average  tonnage  of  steamships  increases  in  this  period  from 

310  to  2,700. 
16.    The  total  efTectlve  carrying  power  of  steam  and  sail  increases  in 

this  period  from  16i  million  tons  to  over  138  millions  tons. 

16.  The  weight  of  seaborne  commerce  increases  in  this  period  from 

26i|  million  tons  to  435  million  tons. 

17.  The  valne  of  combined  exports  alone  of  only  ten  leading  powers  of 

the  globe  increases  ftom  1^  billions  of  dollars  to  10  billions  of 
dollars. 

If  the  growth  of  tonnage  in  the  principal  ports  of  the  world  be  compared 
with  the  general  increase  of  Commerce  shown  on  the  diagrams,  we  shall 
have  additional  evidence  of  the  remarkable  increase  broaght  about  by 
steam  transportation. 

From  reliable  data  furnished  by  the  courtesy  of  Mr.  Guerard,  Chief 
Engineer  of  the  Port  of  Marseilles,  the  conditions  prior  to  the  advent  of 
steam  and  those  now  existing  may  be  compared.  Selecting  twelve  charac- 
teristic ports  and  taking  the  total  tonnage  of  arrivals  in  1832  (steam  navi- 
gation  did  not  begin  until  after  that  date)  and  the  total  in  1887  and  1895 
we  have  the  following : 

1832  total  tonnage  of  arrivals    4,832,828. 
1887      **  **         "         "         64,879,222. 

1896      **  "         •*         **        68,966,483. 

The  increase  from  1832  to  1887  was  over  twelte  fold  and  to  1896  sixteen 
fold,  and  that  from  1887  to  1896,  only  eight  years,  was  twenty-flve  per 
cent ;  the  figures  for  1896  and  1897,  so  far  as  obtained,  show  no  diminn> 
tion  in  the  rate. of  increase. 

The  ports  thus  combined  are 

London,  Liverpool,  Marseilles, 

New  York,  Havre,  Hamburg, 

Genoa,  Rotterdam,  Amsterdam, 

Boston,  Antwerp,  Newcastle. 

It  is  to  be  noted' that  at  neither  date  is  the  coastwise,  or  domestic  com- 
merce of  the  United  States  ports  taken  into  consideration,  no  complete 
record  of  it  being  kept ;  if  obtainable  it  would  considerably  swell  the  per- 
centage.; for  instance  the  foreign  tonnage  of  New  York  harbor  was  less 
than  7,000,000  tons  in  1896,  whereas  the  total  commerce  of  the  harl>or 
according  to  a  U.  S.  Government  Report  was  nearly  20,000,000  tons,  and 
the  total  number  of  vessels  passing  through  its  channels,  not  counting 
tugs  and  ferry-boats,  was  89,698. 

The  Domestic  Commerce  on  the  Atlantic  and  Gulf  of  Mexico  coasts  of 
the  United  States  in  1893  was  72,701,973  tons.  Very  little  of  this  ap- 
pears in  the  ordinary  commercial  reports  of  entrances  and  clearances, 
which  are  almost  entirely  confined  to  foreign  commerce. 

Many  special  instances  might  be  given  as  illustrations  of  the  general 
growth  of  commerce. 

In  respect  to  the  increasing  size  of  vessels,  at  the  Sunderland  ship  yards 
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they  increased  in  twenty  years  only,  1868  to  1883,  from  an  average  of  410 
tons  to  1727  tons. 

In  respect  to  the  over-sea  tonnage  at  the  port  of  London  in  the  century 
from  1688  to  1792,  the  volume  increased  between  six  and  seven  fold;  in 
less  than  a  century  from  1792  to  1882  it  multiplied /orty  fold. 

Plate  V  is  a  reproduction  of  a  diagram  made  by  Mr.  Guerard  and  is 
here  given  for  this  purpose  of  illustrating  the  remarkable  growth  of 
commerce  at  the  great  ports  of  Europe. 

The  study  of  the  tables  and  diagrams  will  make  one  important  con- 
dition quite  evident,  viz. :  that  the  draught  of  steamships  is  not  keeping 
pace  with  their  increase  in  length  and  breadth. 

This  may  seem  at  first  thought,  a  matter  of  comparatively  slight  im- 
portance, and  the  view  may  prevail,  without  careful  consideration,  that 
it  is  a  question  more  of  the  theoretical  than  the  practical. 

Evidently  the  reason  why  the  draught  and,  of  course,  the  depth  of  steam- 
ships have  been  restricted,  is  that  the  vertical  room  for  them  cannot  be 
as  easily  provided  as  the  horizontal  space ;  in  other  words,  to  provide  the 
width  of  channels  and  entrances  is  not  so  great  a  tax  upon  the  means  at 
command  as  to  obtain  the  depth  through  outlying  bars,  in  canals,  in  river 
channels,  into  basins  and  docks  and  alongside  of  wharves  and  quays. 

It  may  be  stated,  without  danger  of  being  controverted,  that,  if  these 
depths  are  not  increased,  the  size  of  steamships  will  not  much  further  in- 
crease ;  and  if  it  does  not,  the  limit  is  in  sight  to  the  carrying  power  and 
the  economies  of  commerce. 

This  important  and  possibly  doubted  statement  requires  some  expla- 
nation. It  must  be  conceded  (the  table  and  diagrams  prove  it  at  once) 
that  the  introduction  of  steam  power  upon  the  ocean  has  been  one  of  the 
most  potent  and  beneficent  factors  ever  brought  into  the  development  of 
humanity.  It  made  it  easily  possible  to  bring  into  the  immediate  influence 
of  civilization  countries  that,  prior  to  the  advent  of  the  steamship,  were 
as  far  removed  as  though  they  were  located  on  the  planet  Mars. 

Now  there  is  not  a  country  in  the  world,  lying  any  part  of  it  upon  the 
shores  of  the  sea,  that  is  not  easily  reached  by  commerce.  Its  products, 
whatever  they  are,  beyond  the  demands  of  its  own  population,  can  and  do 
reach  quickly  and  economically  the  other  nations  of  the  world  which  re- 
quire them  for  the  sustenance  and  development  of  their  peoples. 

In  the  meantime  steam  upon  the  land  has  brought  the  products  of  the 
great  interiors  cheaply  to  the  seaboard,  where  they  are  trans-shipped  by 
maritime  commerce,  to  other  nations. 

These  changes  have  developed  all  countries  to  an  astonishing  extent, 
and  the  effect  upon  the  transportation  of  the  products  of  import  and  ex. 
port  and  of  domestic  traffic  has  been  tremendous. 

The  carves  are  all  running  up  hill  and  will  continue  to  do  so  unless 
cliecked  by  a  false  economy  that  may  demand  the  withholding  of  the  nec- 
essary means  for  deepening  the  commercial  ways  that  connect  the  land 
with  the  sea. 

Draught  of  water  for  the  steamships  of  the  present  and  future  is  the 
A.   A.  A.  S.  VOL.  XLvn  36 
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desideratum  to  which  urgent  attention  shoald  be  called  by  all  those  who 
desire  the  continued  development  of  commerce  and  the  still  farther  cheap- 
ening of  transportation  and  a  greater  redaction  in  prices. 

I  cannot  state  this  important  condition  that  confronts  as  any  better 
than  in  tlie  words  of  one  of  the  leading  naval  architects  of  the  world, 
Dr.  Francis  Elgar,  the  Consulting  Naval  Architect  of  the  Great  Fairfield 
Works  on  the  Clyde,  and  the  designer  of  the  *'  Campania  **  and  *'  Lucanla.'* 
In  a  paper  entitled  "  Fast  Ocean  Steamships/' read  before  tlie  Institution 
of  Naval  Architects  in  1893,  not  long  after  these  ships  were  bailt,  he  used 
these  words  (the  italics  are  our  own)  : 

**  Deep  Draught  of  Water.*" — This  is  a  most  important  element  of  speed 
at  sea,  and  it  is  now  strictly  limited  by  the  depth  of  water  in  the  ports 
and  doclcs  used  by  the  fast  passenger  ste:imers  on  both  sides  of  the  At- 
lantic. Twenty-seven  feet  is  the  extreme  limit  of  depth  to  which  a  ship 
can  load  on  either  side.  **  The  "  Campania*'  cannot  load  an  inch  deeper 
than  the  **  Umbria  "  although  she  is  100  feet  longer.  If  the  underwater 
dimensions  of  *' Campania ''had  been  increased  proportionately  to  those 
of  "  Umbria,"  her  draught  of  water  would  have  been  824  ft.  This  class 
of  steamer  is  increasing  in  length  and  breadth,  but  the  draught  of  water 
has  to  be  kept  the  same.  The  result  Is  that  it  is  only  a  question  of  time, 
and  not  of  a  very  long  time  with  our  present  materials  of  construction 
and  type  of  propulsive  machinery,  to  find  an  absolute  limit  of  speed  im- 
posed by  the  restriction  of  draught  of  water. 


**It  is  not  only  that  the  present  limited  draught  of  water  will  finally 
impose  an  absolute  limit  of  speed,  other  conditions  remaining  the  same, 
but  it  has  already  a  very  prejudicial  effect  in  keeping  down  speed  at  the 
point  actually  reached.  If  the  draught  were  not  restricted,  the  form  of 
section  could  he  improved  by  giving  to  it  more  rise  of  bilge  and  an  easier 
curvature.     .     .     . 

**  As  the  displacement  Is  Increased  by  increase  of  draught,  the  power 
required  to  drive  a  ton  of  displacement  at  a  given  speed  becomes  reduced. 
Hence  Increase  of  draught  does  not  mean  a  proportionate  increase  of  en- 
gine power,  even  when  such  Increase  Is  obtained  merely  by  extra  immer- 
sion without  any  improvement  of  form  such  as  would  otherwise  be 
possible. 

"The  advantages  of  increased  draught  would  be  felt  still  more  in  a 
seaway  than  in  smooth  water,  as  the  lower  part  of  the  hull  would  be  less 
affected  by  the  wave  surface  and  better  and  more  constant  immersion 
could  be  given  to  the  propellers.     .     .     . 

"  The  Atlantic  trade  Is  Increasing  at  such  a  rapid  rate  that  larger  and 
swifter  ships  are  certain  to  be  soon  called  for.  The  depth  of  water  has 
lately  been  somewhat  Increased  at  Liverpool;  but  much  deeper  harbours 
and  docks  will  be  required  If  further  great  Increases  of  speed  at  sea  are 
to  be  obtained  without  excessive  difficulty  and  cost." 

I  hope  Mr.  George  Holmes,  Secretary  of  the  Institution  of  Naval  Archi- 
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tects  of  Great  Britain,  will  not  object  to  my  quoting  from  his  letter,  dated 
May  18,  1898,  as  It  bears  importantly  on  this  question :  *'As  to  the  di- 
mensions of  ships  to  l^e  expected  in  the  future,  this  is  the  case  of  the 
shlp-bullder  waiting  on  the  Civil  Engineer. 

'*  It  is  tolerably  certain  that  the  lengths  of  steamers  will  not  be  greatly 
increased  beyond  the  maximum  lengths  to  which  our  largest  mail  steamers 
have  attained  until  the  Civil  Engineers,  by  increasing  the  depth  of  water 
at  the  entrances  of  harbours  and  docks,  enable  the  Naval  Architect  to  In- 
crease the  depth  of  vessels  In  proportion  to  their  lengths.  You  may  also 
be  quite  certain  that  the  Naval  Architect  will  take  advantage  of  any  op- 
portunities which  the  Civil  Engineer  may  give  him." 

The  opinion  of  practical  navigators  and  of  commercial  men  handling 
large  vessels  Is,  that  the  inability  to  provide  the  depth  of  channels  and 
harbors  necessary  to  increase  the  draught  of  large  freight  carriers  is  very 
detrimental  to  good  navigation  and  economical  transportation. 

As  vessels  increase  in  size  they  have  to  be  built  as  flat  as  possible  to 
allow  them  to  enter  the  harbors,  which  injures  their  sea-goini?  qualities 
and  renders  them  more  dangerous  and  unwieldy  as  well  as  more  liable  to 
Injury  from  their  shape. 

Now,  what  Is  the  Engineer  doing  to  meet  the  desired  increase  in  draught 
of  steamships? 

All  that  his  employers  have  thus  far  felt  justified  in  doing  or  expending. 
It  Is  to  them— the  Governments  of  Maritime  Nations,  Port  Trusts  and 
Harbor  Boards— that  the  facts  and  arguments  for  greater  depths  should 
be  plainly  and  earnestly  presented,  notwithstanding  the  reluctance  of  the 
** powers  that  be"  to  improve  the  depths.  It  may  be  stated  as  a  fact, 
palpable  and  undoubted,  that  no  port  of  the  world  will,  in  the  near  fu- 
ture, be  classed  or  used  as  a  first-class  port  which  will  not  readily  admit 
steamers  drawing  at  least  thirty  feet  of  water.  This  means  thirty^flve 
feet  in  the  entrance  channels  through  sea  bars ;  thirty- two  feet  in  river 
channels  and  other  entrance  approaches,  and  thirty-one  feet  in  harbors, 
basins  and  along  the  quays  and  wharves.  What  is  being  done,  if  any- 
thing, to  secure  these  depths? 

First,  and  most  important,  the  Suez  Canal  which  was  built  with  a  depth 
of  twenty- six  feet  is  now  nearly  deepened  to  twenty -eight  and  one-half 
feet  and  the  International  Engineering  Commission  has  made  plans  for 
the  next  deepening  to  nine  metres,  — practically  thirty  feet. 

This  canal  is  the  key  to  all  the  harbors  of  Europe  and  Asia.  What  it 
has,  all  must  have.  Tlie  Amsterdam  Canal  opened  with  only  23  feet  is 
nearly  deepened  to  80  feet.  The  new  Kaiser  Wilhelm  Canal  has  nearly  30 
feet.  Liverpool  has  now  an  entrance  channel  of  practically  over  SO  feet 
at  low  tide,  —  27  to  57  feet.  Southampton  has  30  feet  at  low  tide.  New 
York  will  liave,  by  the  present  plans,  35  feet  at  low  tide,  Boston  will  have 
80  feet  low  tide,  Philadelphia  the  same.  New  Orleans,  in  the  plans  for 
an  enlarged  channel-way,  will  propose  to  the  United  States  Government  a 
l^ast  depth  on  the  sea-bar  of  35  feet  and  at  least  32  feet  In  the  South  West 
Pass  and  Mississippi  River.    Galveston,  by  the  present  plans  now  being 
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carried  out,  will  have  30  feet.  Hamburg  will,  in  the  near  future,  hare  a 
deep  channel^way  to  the  sea  adequate  for  the  largest  vessels.  Antwerp 
has  a  sea  entrance  30  feet  deep,  a  river  depth  of  31  feet  at  high  water  and 
a  projected  depth  of  port  area  of  32i  feet.  Other  ports  might  be  men- 
tioned where  deeper  channels  are  in  progress  of  construction  or  are  pro- 
jected. 

Ill  order  to  appreciate  the  changes  that  are  going  on  under  an  inexorable 
law  of  commerce,  a  few  instances  maybe  mentioned  among  many  as  illus- 
trations. 

In  1874,  less  than  a  quarter  century  ago,  Mr.  Jas.  B.  Eads,  with  that 
prescience  so  eminently  characteristic  of  his  genius,  proposed  to  the 
United  States  Government  to  deepen  the  mouth  of  the  South  West  Pass 
of  the  Mississippi  River  (where  there  was  nt  the  time  only  about  12  feet 
of  water)  to  30  feet,  with  350  feet  width  at  that  depth,  which  would  have 
given  a  navigable  central  depth  of  at  least  35  feet. 

The  mouth  of  the  South  Pass,  about  i  the  size  of  the  South  West  Pass, 
was  given  him  by  Congress  to  deepen  to  26  feet  with  a  central  depth  of 
30  feet ;  the  twelve  miles  of  this  pass  and  the  Head  of  the  Passes  were  to 
have  a  Channel  of  a  navigable  depth  of  26  feet,  which  was  at  that  time 
considered  sufficient  for  the  navigation  of  fhe  Port  of  New  Orleans. 

Now,  it  has  become  evident  by  the  Increasing  size  of  steamships,  that 
the  little  Pass  is  entirely  inadequate  for  even  the  present  requirements, 
much  less  for  those  of  the  near  future.  Vessels  trade  at  New  Orleans, 
that,  fully  loaded,  carry  11,000  tons  of  dead  weight  on  a  draught  of  294 
feet.  They  can  now  load  at  New  Orleans  to  only  two-thirds  of  their  ca- 
pacity. The  decided  opinion  of  commercial  men  at  New  Orleans  Is  that 
the  steamships  of  the  future  must  have  a  channel  tliirty-flve  feet  through 
the  sea  bar. 

Their  experience,  as  well  ns  that  of  all  commercial  men.  Is  that  the  larger 
the  vessel,  the  greater  the  economy  of  transportation,  and  that  vessels 
for  the  American  trade  at  least  have  in  recent  years  been  built  just  as 
large  as  the  United  States  ports  and  those  in  Europe  can  accommodate, 
and  that,  this  being  the  case,  the  limit  of  draught  and  depth  of  channel  has 
not  yet  been  reached. 

Tessels  will  continue  to  increase  in  size,  especially  since  facilities  for 
deepening  harbor  entrances  have  also  greatly  increased  in  power,  econ- 
omy and  rapidity  of  execution. 

Liverpool  Is  being  Improved  beyond  all  other  ports  of  the  world  and  is 
expending  Immense  sums  to  provide  for  the  steamships  of  the  future. 
Weary  with  undoing  the  work  of  the  past,  tearing  down  or  rebuilding 
what  was  completed,  or  rebuilt,  only  a  few  years  previous,  the  Dock 
Board  has  now,  with  singular  far-sightedness,  planned  really  for  the  fut- 
ure ;  and  it  is  widening  and  d-epening  the  docks  to  accommodate  vessels 
up  to  900  feet  in  length  and  to  90  feet  beam  and  36  feet  draught. 

It  is  building  a  dry  dock  for  vessels  of  this  class,  and  Is  making  plans 
for  one  1000  feet  long,  expending  at  present  f  17,000,000  on  enlargement 
of  these  facilities. 
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At  London  the  vexations  bars  and  narrow  tortuous  channels  near  the 
mouth  of  the  Thames,  through  which  it  is  dangerous  In  certain  stages  of 
tide  and  in  fog  to  navigate  vessels  drawing  over  26  feet,  are  to  be  re- 
moved and  improved  and  a  navigable  depth  of  30  feet  provided. 

The  limited  space  accorded  a  paper  upon  so  large  a  subject,  which  has, 
for  even  general  statements,  required  such  a  broad  field  of  investigation, 
permits  of  only  the  most  general  discussion,  and  a  selection  of  only  a 
very  few  of  the  numerous  facts  collected  by  an  extensive  correspondence. 

Enough,  however,  has  been  stated  to  show  the  vast  importance  of  the 
subject  of  Maritime  Commerce  from  an  economic  point  of  view  and  the 
desirability  of  meeting  the  requirements  of  this  commerce,  which  has 
revolutionized  the  great  economic  conditions  of  the  world. 


Cuba  :  past,  present,  and  future.  By  Dr.  Wolfred  Nelson,  F.R.G.S., 
New  York,  N.  Y. 

Cuba,  well  and  happily  named  the  '*  Queen  of  the  Antilles,*'  is  the  larg- 
est island  in  the  West  Indies.  The  island  is  divided  into  six  departments. 
Taking  them  in  order  from  west  to  east,  they  are  as  follows :  Pinar  del 
Rio,  or  the  western  province ;  next  the  provinces  of  Havana,  Matanzas, 
Santa  Clara,  Puerto  Principe,  and  Santiago  de  Cuba,  the  latter  also  known 
as  the  eastern  province.  A  line  drawn  from  Cabo  de  San  Antonio,  or 
Cape  San  Antonio,  the  extreme  westerly  point  of  Cuba,  extending  cen- 
trally through  the  island  to  Cabo  de  Malsl  or  Cape  Mais  I,  measures  seven 
hundred  and  eighty-four  English  miles.  The  form  of  the  island  is  some- 
what irregular — a  semi-crescent  —  for  two-thirds  of  Its  extent,  its  convex 
side  towards  the  Bahama  Islands  and  the  United  States,  Its  concavity 
towards  Jamaica. 

To  make  my  brief  paper  on  Cuba  comprehensive,  the  ante  helium  poli- 
tics of  Cuba  must  be  referred  to.  There  were  four  parties  ~  the  Con- 
servatives, or  Spanish  party ;  the  Liberals,  equally  loyal  to  Spain,  but  with 
a  broader  platform,  and  the  Autonomistas  who  wanted  Cuba  to  have  the 
freedom  under  the  Spanish  flag  that  Canada  enjoys  under  the  British,  and 
the  Separatista,  or  revolutionary  party,  a  mere  handful  relatively  to  the 
bulk  of  the  population,  who  wanted  Spain  overthrown— death  to  Spaniards, 
in  fact  death  to  all  who  failed  to  agree  with  them.  This  very  small  but 
troublesome  faction  consists  of  blacks  and  their  descendants,  with  a  few 
equally  Irresponsible  whites  —  men  lacking  In  Influence,  havin<;  no  real 
Interests  in  Cuba.  That  party  initiated  the  late  revolution.  It  was  main- 
tained and  engineered  from  without  by  Cubans  who  had  become  citizens 
of  other  countries,  the  better  to  enable  them  to  hatch  rebellion  under  neu- 
tral flags.  They  and  some  exotic  ^n-de-«ecZe  buccaneers,  as  Seflor  Dupuy 
de  Lome  happily  termed  them,  they  and  their  backers  are  wholly  respon- 
sible for  the  revolution.  The  rebellion,  properly  so  called,  had  been 
crushed.  It  had  become  a  movement  of  lawless  blacks  led  largely  by  a 
few  alien  adventurers.     Then  came  the  latter  phase  when  the  United 
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States  took  an  active  part.  We,  one  and  all,  know  that  the  soldiers  and 
sailors  of  Spain  and  the  United  States  fought  well  and  nobly.  The  gallant 
Cervera,  acting  under  the  orders  of  Blanco,  sailed  out  of  the  harbor  of 
Santiago  de  Cuba  to  almost  certain  death.  His  fleet  was  destroyed.  He 
and  his  surviving  officers  and  men  were  made  prisoners  of  war.  Cervera's 
prompt  recognition  of  the  daring  and  bravery  of  Hobson  had  endeared 
him  to  the  American  and  to  all  other  appreciative  people.  Spnin's  grand 
old  man  came  here  a  captive  merely  to  capture  his  captors.  Corvera's 
name  will  go  down  in  history  as  one  of  nature's  noblemen. 

Jeanne  d'Arc  said  *Pourtant  la  France  ne  meurt  jamais  " — France  never 
dies.  The  same  may  be  said  of  fair  and  sunny  Spain.  A  country  produc- 
ing sailors  and  soldiers  like  hers  is  indestrnctil>1e.  Spain  with  hei  ctile 
soil  and  industrious  people  will  *naintaln  ht.*  place  in  the  family  o!  na- 
tions. She  has  lost  her  'West  Indian  possessions,  she  has  been  def  eati  d  by 
a  powerful  and  modem  nation  —  flve-fold  stronger  than  s"  c  is.  She  has 
met  with  honorable  defeat.  Her  honor  nni  her  history  have  snOTered 
naught.  Her  history  has  assumed  a  modern  phase,  showing  the  world  at 
large  that  Spain  and  her  people  have  lived  up  to  their  best  and  bravest  tra- 
ditions. Long  live  Spain !  Long  live  the  Queen  Regent !  Long  live  the 
King !  We  may  thank  God  that  peace  has  been  concluded  —  a  peace  lion- 
orable  alike  to  victor  and  vanquished. 

What  will  be  the  fate  of  the  Queen  of  the  Antilles?  The  last  census  of 
Cuba  was  taken  in  1887.  Taking  the  provinces  from  west  to  east  it  was 
as  follows :  Pinar  del  Rio,  white,  167,160,  colored,  58,731 ;  Havana,  white, 
844,417,  colored,  107,511 ;  Matanzas,  white,  143,169,  colored,  116,401 ;  Santa 
Clara,  white,  244,345,  colored,  109,777;  Puerto  Principe,  white,  54,822,  col- 
ored, 13,557;  Santiago  de  Cuba,  white,  167,980,  colored,  114,339;  totals, 
white,  1,111,303,  colored,  520,316.    Total  population,  1,631,619. 

Let  us  develop  our  facts  by  making  a  few  comparisons.  The  area  of 
Cuba  and  adjncent  islands  is,  say,  45,000  square  miles.  The  area  of  the 
United  States  of  America  is  3.008,400,  exclusive  of  Alaska;  including 
Alaska,  3,585,790.  By  dividing  the  area  of  Cuba  into  that  of  the  United 
States  of  America,  we  have,  as  a  result  of  the  calculation,  79  iUM-  Cuba 
is,  say,  one-eightieth  of  the  area  of  this  great  and  grand  republic. 

In  1892  the  total  exports  and  imports  of  the  United  States  of  America 
were  $1,857,680,610;  excess  of  exports  over  imports,  $202,876,686;  the  lat- 
ter being  the  balance  of  trade  in  favor  of  the  United  States. 

In  1892  the  total  exports  and  imports  of  Cuba  were  as  follows  :*— 

Total  imports  under  Spanish  flag        .        .  $45,109,992  00 

Imports  under  other  flags 24,384,096  00 

$69,444,087  00 

Total  exports  under  Spanish  flag          .        .        .  18,592,665  79 

Under  Other  flags 82,421,700  89 


$101,014,266  18 
lEl  Boletln  de  la  Camara  Oficlal  de  Comerclo,  Havana,  March  31, 1888. 
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Imports $69,444,287  00 

Exports 101,014,266  18 

Totel $170,458,663  18 

Deduct  10  per  cent  to  reduce  to  United  States  gold      17,045,856  31 

$158,412,697  87 

Balance  of  trade  In  favor  of  Cuba,  for  1892,  reduced  to  United  States 
gold,  $31,254,276.40.  By  multiplying  Cuba's  balance  of  trade  by  80,  It 
gives  $250,081,217.20.  Had  the  United  States  done  as  well  area  for  area 
as  Cuba,  the  above  would  have  resulted.  Her  balance  of  trade  was 
$202,875,686. 

In  1860  the  trade  of  Cuba  was  $50,000,000  or  $45,000,000  United  States 
gold,  while  that  of  the  United  States  for  1850  was  $317,885,262. 

Cuba's  trade  per  inhabitant  (population,  1.612,000,*trade  $158,412,697.87) 
is  $90  per  capita ;  Uruguay  (population,  700,000,  trade  $60,890,010)  $74.70 
per  capita ;  Costa  Rica  (population  248,000,  trade  $16,200,000)  per  capita 
$40.60.  Chili  (population  2,800,000,  trade  $127,000,000)  per  capita  $38; 
Hayti  (population  572,000,  trade  $18,000,000)  per  capita  $31.50;  United 
States  of  America  (population  (1892  estimated)  65,000,000  trade  $1,857,- 
680,610)  per  capita,  $28 ;  Porto  Rico  (population  800,000,  trade  $29,000,700) 
per  capita,  $24.30;  Venezuela  (population  2,300,000,  trade,  $32,400,000) 
per  capita,  $17.06. 

Cuban  crops  are :  — 

Sugar,  1878 580,596  tons 

**        1888 630,311  tons 

**        1894 1,018,028  tons 

Tobacco,  value,  1879,  United  States  gold  $16,804,000 

"      1894 17,746,100 

Shipping  in  1894:  — 

Arrivals,  3,748;  tonnage,  4,388,655. 
Cleared,    8,713;  tonnage,  4,050,488. 
Railways  In  Cuba,  1516  miles. 

The  tax  on  sugar  in  1892  was  10c.  a  100  kilograms  (220  lbs.),  5c.  a  100 
kilograms  on  Muscovado  and  molasses,  or  9c.  and  4ic.  United  States 
gold.  In  1893  the  above  taxes  were  reduced  by  one-half.  In  February, 
1895,  they  were  abolished. 

Island  expenditure  1895  and  1896 :  — 
In  Spanish  gold $26,095,244  19 

Revenue : — 
Direct  taxes  and  imports        .  7,049,600  00 

Indirect  taxes,  custom  house 
revenue  stamps,  lottery, 
public  lands  and  property, 
contingent,  etc.     .        .        .  17,706,269  00 


$24,766,769  00 
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While  Cuba  produces  sugar  and  tobacco  to  the  annual  value  of  $100,- 
000,000  gold,  the  taxes  are  calculated  on  the  net  profit  of  the  crops.  To 
calculate  tayes,  take  any  crop  of  say  $1,000  estimated  profit  $400  the 
owner  would  pay  taxes  on  $400  at  $2  per  $100  or  $8. 

In  1878,  the  ten  years*  war  closed.    It  ended  In  the  Zanzon  treaty. 

Estimated  expenditure :  — 

1878-1879 $46,694,688 

1886-1886  .         .                  ,         ,         .        .  31,169,663 

1890-1891 24,446,810 

1898-1894 26,137,894 

Comparative  taxation :  — 

Chill $23  per  capiU 

Brazil $22  **  " 

Uruguay $20  »»  " 

Costa  Rica $19  ••  " 

Argentine $16  »*  " 

Hayti $16  •*  ** 

Cuba $16  **  ** 

Porto  Rico  (no  war  debt)  .        .        .  $  8  ** 

The  figures  and  comparisons  I  trust  will  be  Interesting  to  students  of 
economics.  Remember  her  small  population,  and  t^at  only  about  one-third 
of  her  area  is  cultivated.  If  necessary  slie  can  multiply  her  products  five 
to  ten  fold.  When  the  lawful  land-owning  interests  in  Cuba  vote,  no 
doubt  it  will  be  for  an  independent  Cuba  under  an  American  protectorate. 
If  the  Marquis  de  Montoro,  Sefior  Galvez  nnd  men  of  that  highly  educated 
influential  type,  men  who  are  leaders  of  the  autonomists— If  they  could  put 
their  advanced  views  In  force,  It  would  be  an  Ideal  arrangement  and  all 
would  be  well.  The  Murquls  de  Montoro  wanted  a  Cuba  under  the  Span- 
ish flag  as  I  have  already  stated.  Their  views  did  not  anticipate  the  pres- 
ent state  of  afl*airs.  Alas!  being  law-abiding,  thoughtful  men,  they  are 
denounced  by  the  small  lawless  horde  of  blacks.  Sefior  a  Cuyas,  recently 
designated  that  faction  as  scum.  They  constitute  a  mass  of  insular  scum, 
whose  natural  Instincts  are  Incendiarism,  tbleving  and  murder,  varied  at 
times  by  the  outraging  of  young  and  defenceless  women.  Such  are  the 
liberators  of  Cuba.  The  Cuba  Libre  of  the  blacks  would  be  a  veritable 
hell  upon  earth,  a  blot  upon  Christian  civilization. 

Cuba,  the  fair  and  fertile,  to  take  her  place  In  the  family  of  nations, 
must  have  law,  order  and  peace  guaranteed  by  the  United  States.  Cuba,  to 
be  a  creditable  part  of  the  earth,  must  be  ruled  by  a  flrm  hand.  A  rebel- 
lious beggarly  minority,  largely  the  criminal  elements  in  the  island,  must 
be  taught  that  the  great  law-abiding  majority  have  rights  that  must  be 
respected.  That  5,000  or  10,000  ragged  negroes  should  dictate  terms  to 
over  a  million  and  a  half  of  people  Is  the  acme  of  audacity,  but  their  sole 
possessions  are  seml-nudlty  and  audacity. 

Knowing  that  Island  as  I  do,  I  fear  that  an  Independent  Cuba  will  be  an 
impossibility.  As  an  American  colony  she  will  blossom  and  bring  forth 
her  Increase.    Then,  and  then  only,  will  the  black  plague  of  central  and  east- 
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ern  Caba  cease  to  be  a  nightmare.  It  is  a  qaestion  of  time.  Cuba  will 
be  the  brightest  spot  in  the  colonial  possessions  of  the  United  States.  Old 
conditions  have  passed  away.  This  great  and  glorious  repnblic  must  face 
her  destiny.  Recall  the  words  of  an  early  day,  Prince  of  Sweden,  looking 
at  a  picture  of  some  acquired  territory,  in  a  moment  of  inspiration  he  wrote 
under  it—**  God  gave  it  to  me,  the  devil  shall  not  take  it  away." 

To  the  rich,  fair  and  beautiful  Queen  of  the  Antilles  let  us  say — Adios 
Cuba  Americana,  Dios  te  guarde.  Fare  thee  well,  American  Cuba,  God 
protect  thee. 


ExABfmATiON  OF  THE  THEORY  OP  RENT.    By  Edward  T.  Peters,  Wash- 
ington, D.  C. 

The  economic  doctrine  of  rent  is  based  on  the  assumed  mobility  of  labor 
and  capital  and  on  the  tendency  of  these  factors  of  production  to  earn 
equal  returns  for  equal  expenditures  of  the  one  or  the  other. 

When  the  period  of  diminishing  returns  is  reached  on  land  of  any 
given  quality,  the  next  dose  of  capital  and  labor  produces  a  smaller  return 
in  proportion  to  Its  amount  than  has  been  produced  by  the  doses  prev- 
iously applied,  and  this  diminished  return  becomes  the  measure  of  the 
returns  per  dose  to  all  capital  and  labor,  since  there  cannot  theoretically 
be  more  than  one  rate  of  compensation  to  either  of  these  factors  at  a 
given  time. 

It  is  true  the  doses  of  capital  and  labor  previously  applied  to  the  land 
continue  to  produce  a  larger  amount  per  dose  than  the  increment  ob- 
tained by  applying  the  last  dose ;  but,  if  capital  and  labor  can  be  obtained 
at  a  cost  equal  to  the  value  of  this  increment,  all  produce  in  excess  of  this 
value  will  accrue  to  the  landowner  as  such— not  as  capitalist  or  laborer, 
supposing  him  to  unite  the  functions  of  one  or  both  of  these  with  his 
function  as  landowner.  And  whatever  income  accrues  to  him  simply  in 
virtue  of  his  ownership  of  land,  over  and  above  the  return  for  any  capi- 
tal or  labor  expended  in  the  cultivation  of  it,  or  the  making  of  improve- 
ments on  or  in  it,  comes  within  the  definition  of  the  word  rent  as  used  in 
connection  with  land  in  political  economy. 

If  a  further  application  of  capital  nnd  labor  to  the  land  results  in  a  still 
lower  return  to  the  additional  dose,  this  in  its  turn  will  become  the  meas- 
ure of  the  returns  to  all  the  capital  and  labor  employed,  and  the  preceding 
doses  will  yield  a  rent  equal  to  the  excess  of  their  respective  products 
over  the  product  due  to  the  last  dose.  Thus  if  the  first  one  Jiundred  doses 
produced  at  the  rate  of  half  a  bushel  (0.50  bushel)  of  wheat  per  dose,  the 
next  five  doses  at  the  rate  of  only  0.45  bushel  per  dose  and  the  next  five 
at  the  rate  of  only  0.40  bushel  per  dose,  0.40  bushel  per  dose  would  meas- 
ure the  returns  to  all  capital  and  labor,  the  doses  from  the  106th  to  the 
110th  inclusive  producing  no  more  than  their  own  compensation,  while 
those  from  the  101st  to  the  105th  inclusive  would,  under  the  supposed 
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conditions,  yield  a  rent  of  0.05  bushel  and  the  other  100  doses  a  rent  of 
0.10  bushel  per  dose. 

We  may  conceive  that  with  the  increase  of  population  addition  after 
addition  would  be  made  to  the  quantity  of  capital  and  labor  applied  to  the 
land,  the  return  per  additional  dose  progressively  diminishing  (in  the  ab- 
sence of  any  improvement  in  methods)  until  at  length  the  increase  of 
population  would  itself  be  arrested  by  the  laclt  of  means  for  the  support 
of  additional  numbers.  And  with  every  decrease  iu  the  return  to  an  ad- 
ditional dose  there  would  be  a  corresponding  increase  in  the  rent  on  all 
the  doses  previously  in  use,  the  rent  on  the  dose  immediately  preceding 
rising  from  zero  to  an  amount  equal  to  the  difference  between  its  product 
and  that  of  the  one  last  added  and  that  on  all  the  others  by  a  like  amount 
per  dose. 

•If  there  were  land  of  a  quality  inferior  to  that  in  cultivation  to  which 
capital  and  labor  might  have  free  access,  additional  doses  would  cease  to 
be  applied  to  the  superior  land  if  at  any  point  a  larger  product  could  be  ob- 
tained by  application  of  those  doses  to  the  free  land.  The  return  to  the 
doses  applied  to  such  free  land  would  now  become  the  measure  of  the  re- 
turns to  labor  and  capital  in  general,  this  return  approximately  coinciding 
with  the  return  to  the  last  dose  applied  to  the  superior  land.  The  rise  of 
rent  would  thus  be  arrested  until  the  period  of  diminishing  returns  should 
be  reached  on  the  inferior  land,  when  again  a  progressive  decline  In  the 
returns  to  capital  and  labor  and  a  progressive  rise  in  the  rent  of  all  tlie 
land  in  use  would  set  in,  to  be  arrested  only  by  the  access  of  labor  and 
capital  to  additional  land,  by  improvement  in  productive  processes,  or  by 
an  arrest  of  the  growth  of  population. 

The  assumption  above  made  of  different  bodies  of  land  materially  dif- 
feriog  from  one  another  in  their  degrees  of  productiveness,  is  the  one 
commonly  used  in  discussions  of  the  law  of  rent;  but  it  is  expressly 
stated  by  some  writers  on  the  subject  that  rent  arises  from  the  use  of  two 
or  more  grades  of  land  at  the  same  time,  and  that  rent  on  land  of  the  highest 
grade  begins  to  accrue  only  when  land  of  the  next  lower  grade  begins  to 
come  into  cultivation.  The  actual  effect,  however,  of  extending  cultiva- 
tion to  land  of  the  lower  grade  would  be  as  presented  above,  namely,  that 
of  preventing  further  applications  of  capital  and  labor  to  the  land  pre- 
viously in  use  and  thus  preventing  its  rent  from  rising  to  a  point  in  excess 
of  the  difference  between  its  product  and  that  of  the  other  in  return  for  a 
given  application  of  capital  and  labor. 

It  has  thus  far  been  assumed  that  no  obstacle  to  the  application  of  cap- 
ital and  labor  to  land  Is  interposed  by  owners,  and  that  the  period  of 
diminishing  r.eturus  on  the  better  land  is  reached  only  when  the  amount 
of  capital  and  labor  which  can  be  applied  with  the  maximum  return  is 
applied  to  all  of  that  land.  If,  however,  any  part  of  such  land  is  held  out 
of  use,  the  period  of  diminishing  returns  on  the  remainder  Is  hastened 
in  a  corresponding  degree,  which  is  equivalent  to  saying  that  the  date 
when  rent  begins  to  accrue  is  thus  hastened.  This  means,  too,  that  cost 
of  production  Is  increased  and  that  the  cost  of  living  to  all  non-land- 
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owners,  as  measured  in  labor,  is  increased  in  a  like  measure.  To  tliis 
extent  rent  entets  into  price  in  the  precise  sense  in  which  it  is  commonly 
said  not  to  do  so.  It  should,  however,  be  remarked  that  even  were  the 
margin  of  cultivation  the  normal  one,  the  normal  cost  of  living,  as  meas- 
ured in  labor,  would  not  be  the  cost  of  producing  a  living  at  that  margin, 
light  as  that  might  be  in  comparison  with  its  cost  at  a  margin  depressed 
by  the  operation  of  land  monopoly,  but  the  cost  of  producing  it  on  land 
of  average  productiveness.  It  is  only  a  minute  fraction  of  the  totality 
of  human  labor  that  at  any  given  time  is  applied  at  the  margin  of  culti- 
vation; and  if  the  theory  of  rent,  in  crediting  to  labor  and  capital  only 
what  they  could  earn  at  that  margin,  should  lead  us  to  assume  that  such  a 
return  for  their  Industrial  efforts  is  all  that  the  mass  of  men  ought  to  ex- 
pect, it  would  be  grievously  misapplied.  It  is  useful  for  both  scientific 
and  practical  purposes  to  distinguish  as  rent  all  produce  in  excess  of  that 
obtainable  by  equal  exertion  at  the  margin  of  cultivation ;  but  that  being 
done,  it  Is  important  to  remember  that  the  normal  condition  of  man  is  to 
be  a  sliarer  pro  rata  with  his  fellows  in  the  totality  of  economic  rent. 


A  STUDY  OP  THE  PRICE  OF  WOOL.    By  Hbnrt  Farquhar,  Department 
of  Agriculture,  Washington,  D.  C. 

The  cause  of  a  phenomenon,  doubtless,  cannot  be  determined  mathe- 
matically, but  mathematical  methods  are  well  adapted  to  show  the  degree 
of  congruence  or  association  between  two  series  of  phenomena ;  and  cau- 
sation may  be  inferred  when  the  association  Is  clearly  made  out.  Varia- 
tions in  the  price  of  wool  in  the  United  States  through  the  thirty  years 
1867-96  (from  the  Senate  Report  on  wholesale  prices,  wages  and  transpor- 
tation, supplemented  for  years  since  1891)  are  compared  with  variations, 
similarly  ascertained,  in  cotton  prices,  Australian  wool  prices,  duties  paid 
on  imported  wool,  and  prices  of  pig  iron ;  and  the  connection  is  shown  in 
the  form  of  an  equation,  presenting  wool-price  in  terms  of  the  other  va- 
riables. There  appears,  by  this  test,  to  be  very  little  influence  of  price  of 
rival  textiles,  but  very  sensible  influence  of  duty-rates,  also  of  general 
productive  activity  in  the  country,  on  the  price  of  wool  in  our  markets. 
Estimating  general  productive  activity  by  price  of  pig  iron  in  the  United 
States,  for  a  rise  or  fall  of,  say,  ten  per  cent  in  the  latter,  this  influence 
has  been  shown  by  a  coincident  rise  or  fall  of  about  four  per  cent  in  the 
wool  price.  That  price  also,  for  the  years  next  following  1867,  appears  to 
have  fallen  with  lighter  duties  and  risen  with  lower;  but  for  later  years, 
especially  since  1880,  duty  and  price  have  varied  in  the  same  direction, 
rising  and  falling  by  about  equal  amounts.  Thus  no  unvarying  law  of 
association  between  the  two  is  discoverable,  the  effect  of  the  duty  in 
cutting  down  the  demand  for  foreign  wool  having  been  under  some  con- 
ditions to  reduce  and  under  others  to  increase  the  accompanying  demand 
for  the  domestic  product. 
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Variations  in  the  ratr  of  agricultural  production  axd  one  of 
THEiK  CAUSES.    By  JoHN  Hyde,  Washington,  D.  C. 

The  twenty  years  ending  with- 1897  witnessed  the  harvesting  in  the 
United  States  of  crops  of  com,  oats,  and  rye  the  yield  per  acre  of  which 
was  from  50  to  60  per  cent  greater  than  the  corresponding  yield  in  certain 
other  years  of  the  same  period ;  of  crops  of  potatoes  in  which  it  was  from 
80  to  87  per  cent  greater  than  in  other  years  of  the  period  under  consider- 
ation, and  of  crops  of  buckwheat  in  which  it  was  from  80  to  130  per  cent 
greater  than  in  the  case  of  certain  other  crops  of  buclcwheat  grown  with- 
in this  same  period  of  twenty  years.  On  the  other  hand,  the  highest  an- 
nual yields  per  acre  of  wheat,  cotton,  liay,  barley,  and  tobacco  were  only 
50,  39,  39,  86,  and  23  per  cent  respectively  higher  than  the  lowest.  This 
remarkable  non-uniformity  of  fluctuation  has  suggested  to  the  author  of 
this  paper  the  operation  of  some  law  not  liitherto  generally  recognized, 
and  the  examination  of  the  statistics  of  a  large  number  of  crops  for  each 
separate  state  during  a  period  of  twenty  years  shows  that  entirely  inde- 
pendent of  whether  the  average  yield  per  acre  be  high  or  low,  the  nearer 
the  approach  to  the  region  to  which  a  product  is  indigenous  the  more  uni- 
form will  be  the  rate  of  production  from  year  to  year,  and  the  further 
the  departure  from  such  region,  the  greater  the  liability  to  fluctuation. 

For  the  purpose  of  this  abstract,  four  products  only  need  be  considered : 
oats,  barley,  cotton  and  corn.  The  period  covered  is  twenty  years,  J878- 
97,  and  the  comparison  is  based  in  each  case  —  not  upon  the  two  extreme 
deviations,  but  on  the  means  of  the  three  highest  and  the  three  lowest 
yields  per  acre  in  the  twenty-year  period,  the  figures  given  representing 
the  per  cent  of  the  deviation  of  these  means  from  the  mean  of  the  entire 
period. 

In  the  case  of  oats,  in  twelve  of  the  most  northerly  states  of  the  Union 
(the  Transition  zone*  of  the  Merriara  Life  Zone  Map)  the  deviation  from  the 
twenty-year  average  was  only  34.23  per  cent,  only  two  states  exceeding 
40  percent;  in  the  Upper  Austral  (from  New  Jersey,  Delaware  and  Mary- 
land to  Kansas  and  Nebraska)  the  deviation  was  53.95  per  cent,  only  one 
state  having  less  than  40  per  cent,  and  in  the  Lower  Austral  (from  VIr 
ginia,  the  Carolinas,  and  Georgia  to  Texas  and  Arkansas)  it  was  62.78 
per  cent,  no  state  falling  below  50  percent.  In  the  case  of  barley  the  de- 
viation in  the  Transition  zone  was  37.7  per  cent,  in  the  Upper  Austral 
59.5  per  cent,  and  in  the  Lower  Austral  69.9  per  cent. 

On  the  other  hand,  in  the  case  of  corn  and  cotton,  it  is  with  the  exten- 
sion of  their  cultivation  northward  that  the  range  of  fluctuation  In  the 
average  rate  of  production  is  found  to  increase.  In  the  case  of  cotton,  this 
variation  was  25.1  per  cent  of  the  average  yield  per  acre  in  Alabama, 
26.3  per  cent  in  Georgia,  35  per  cent  in  Mississippi,  87.9  percent  in  South 
Carolina,  40.4  per  cent  in  Louisiana,  41.8  per  cent  in  North  Carolina,  42  per 

1  The  tranHcontinental  belt  in  which  Boreal  and  Austral  elements  overlap. 
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cent  In  Arkansas,  63  per  cent  In  Texas,*  64  per  cent  in  Virginia,  66.6 
per  cent  in  Florida,'  and  76.3  per  cent  in  Tennessee. 

Corn  does  not  exhibit  tlie  same  regularity  of  progression,  owing  (1)  to 
the  large  acreage  in  the  semi-arid  portions  of  Texas,  Kansas  and  Nebraska, 
where  the  frequent  deficiency  of  moisture  is  a  disturbing  element;  (2)  to 
the  extent  to  which  special  varieties  have  been  adapted  to  local  conditions 
to  meet  a  want  that  no  other  crop  can  satisfactorily  supply,  and  (3)  to  the 
extreme  care  with  which  this  greatly  esteemed  prodnct  is  cultivated  in 
certain  sections  where  its  growth  is  precarious.'  Still  the  variation  in  the 
Upper  Austral  zone,  excluding  Kansas  and  Nebraska,^  is  49.69  per  cent, 
against  38.46  per  cent  in  the  Lower  Austral,  exclusive  of  Texas ;  *  and  if, 
for  the  reasons  above  stated,  that  of  the  most  northerly  tier  of  states,  ex- 
cluding Maine  and  Rhode  Island,^  is  only  44.67  per  cent,  it  is  a  significant 
fact  that  there  is  not  a  state  in  this  belt  with  as  small  a  variation  as  Ala- 
bama or  Florida,  and  that  there  is  but  one  that  will  compare  favorably 
with  Georgia,  Mississippi,  Louisiana  or  Tennessee. 

Investigations  show  that  this  law  of  diminishing  constancy  is  entirely 
independent  of  whether  the  average  yield  per  acre  is  high  or  low,  and  that 
there  is  no  general  correspondence  between  its  operation  and  the  annual 
variation  in  the  rainfalL  The  non-uniformity  in  the  finctuations  of  various 
products  is  attributed  by  the  author  to  the  diffierent  proportions  of  such 
products  grown  at  a  greater  or  less  distance  from  the  natural  habitat. 


Railway  rates  and  competition.    By  H.  T.  Nkwcomb,  Department  of 
Agriculture,  Washington,  D.  C. 

Thouoh  all  economists  and  competent  students  of  transportation  prob- 
lems have  become  convinced  that  competition  among  difllerent  railways, 
offering  to  perform  identical  services,  has  no  salutary  regulative  effect  up- 
on the  changes  for  railway  services,  there  is  still  a  belated  public  opin- 
ion favorable  to  such  competition  that  has  had  abundant  expression  in 
state  and  national  legislation.  State  constitutions,  statutes  and  charters  of 
particular  railways  have  forbidden  the  consolidation  of  parallel  lines  and 
interdicted  agreements  for  the  division  of  competitive  business.  Later, 
Congress  burdened  the  Interstate  Commerce  law  with  the  incongruous 

^The  somewhat  wide  fluctuation  In  Texas  is  due  to  the  extension  of  cotton  planting 
into  regions  of  uncertain  rainfall. 

*  Not  altogether  reliable,  owing  to  the  non-determinable  proportions  of  the  upland 
and  sea  island  varieties. 

•Although  corn  is  essentially  a  tropical  plant,  the  highest  average  yields  per  acre 
inithis  country  are  those  of  the  New  England  States.  While  the  high  cultivation  to 
which  this  is  due  has  a  steadying  effect  upon  the  rate  of  productlop  from  year  to  year, 
that  rate  of  production  is  by  no  means  so  uniform  as  in  the  states  bordering  on  the 
Gulf  of  Mexico,  Texas  excepted. 

*  The  reasons  for  these  exclusions  are  fully  stated  in  the  paper  from  which  this  brief 
abstract  is  taken. 
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fifth  or  antl-poollog  section  and,  finally,  unless  the  decision  of  the  United 
States  Supreme  Coart  in  the  Trans-Mlssoari  case  shall  be  reversed,  made 
illegal  all  agreements  among  railways  in  regard  to  the  charges  to  be  ex- 
acted for  their  services. 

Thorough  investigation  will  show  that  the  competition  sought  to  be 
perpetuated  is  not  only  useless  but  wasteful,  extravagant,  and  the  fruitful 
source  of  unjust  discriminations  among  individuals,  communities  and 
classes  of  trafllc.  In  order  to  maintain  effective  competition  of  this  kind 
large  expenditures  which  would  other tvise  be  unnecessary  are  incurred. 
These  include  commissions  to  those  who  can  secure  for  the  lines  paying 
them' traffic  which  might  traverse  other  routes ;  expenses  for  advertising, 
in  excess  of  that  necessary  for  the  information  of  the  public ;  the  cost  of 
maintaining  soliciting  agents  and  agencies;  of  duplicate  operating  organ- 
izations, etc.  If  better  methods  could  be  substituted  and  these  wasteful 
expenditures  could  be  eliminated  the  savings  effected  would  accrue  to  the 
benefit  of  the  public  in  the  form  of  reduced  charges  for  railway  services. 
As  competition  of  the  kind  under  discussion  can  be  effective  as  to  but 
few  individuals,  including  those  only  who  reside  at  points  served  by  two 
or  more  railways,  its  result  is  to  reduce  the  charges  at  the  competitive 
points,  while  the  general  average  is  kept  up  by  relatively  high  rates  on 
non-competitive  business,  thus  producing  an  almost  Infinite  series  of  un- 
just discriminations  against  points  served  by  single  railway  routes.  Sta- 
tions on  local  and  branch  lines  are  discriminated  against  and  even  the  less 
important  shippers  at  competitive  points  are  unjustly  treated  as  a  result 
of  the  struggle  for  traffic.  Agreements  inre;^ard  to  rates  constitute  the 
only  remedy  and  such  agreements,  in  order  to  be  effective,  must  provide 
for'^the  division  of  traffic. 

There  is  another  form  of  competition  that  has  controlling  effect  upon 
railway'charges  which,  owing  probably  to  the  attention  demanded  by  that 
already  discussed,  has  almost  escaped  the  attention  of  students  and  does 
not  appear  to  have  been  adequately  discussed  or  thoroughly  understood. 
All  economists  consider  cost  of  transportation  as  a  part  uf  cost  of  pro- 
duction, but.liLtle  further  attention  seems  to  have  been  paid  to  railways 
as  productive  agencies.  There  are  two  kinds  of  production,  that  of  form 
utilities  and  that  of  place  utilities.  As  modern  industry  is  organized  the 
former  would  be  amost  useless  without  the  latter.  Cheap  tran.sportation 
has  caused  a  high  degree  of  localization  and  specialization  of  the  produc- 
tion of  form  utilities  and  enhanced  the  re'iative  importance  of  the  pro- 
duction of  place  utilities.  Very  large  percentages  of  the  textile  production 
of  Massachusetts,  of  the  cotton  crop  of  Texas,  and  of  the  wheat  crop  of 
the  Dakotas  would  be  almost  worthless  without  transportation.  But  if  the 
production  of  place  utilities  is  important  to  the  producer  of  form  utilities 
the  latter  is  equiiUy  necessary  to  the  transporter.  To  encouragt;  and  foster 
industry  in  the  territories  contiguous  and  tributary  to  their  lines  Is  the 
necessary  and  constant  aim  of  railway  managers.  They  do  so  by  com- 
bining with  producers  of  form  utilities  and  the  object  of  each  of  these 
combinations  which  are  as  numerous  as  the  independent  productive  agen- 
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cies  of  the  first  class,  Is  always  to  market  the  commodities  produced  so 
a8  to  secure  the  cost  of  production  and  as  much  more  as  practicable.  The 
competition  of  these  combinations  in  which  railways  are  compelled  to  en- 
ter, and  in  the  sacrifices  of  which  they  frequently  are  compelled  to  accept 
unduly  large  shares,  keeps  railway  rates  down  to  the  lowest  level  that 
will  meet  operating  expenses  and  pay  the  minimum  amount  which  will  be 
accepted  by  those  who  furnish  capital  for  the  creation  of  railway  prop- 
erty. The  amount  of  this  minimum  is  dependent  upon  several  elements 
including  risk  and  the  amount  of  risk  in  railway  enterprises  is  usually 
fixed,  in  some  degree,  at  least,  by  the  extent  of  competition  of  the  first 
cIhss.  If  society  wishes  cheaper  transportation  it  should  eliminate  such 
competition  in  order  that  the  railways,  as  producers,  may  compete  most 
eflfectlvely. 


How  TO  INCRRASE  EXPORTS  AND  HOW  NOT  TO.      By  EdWARD  AtKINSON, 

Boston,  Mass. 

In  this  paper  Mr.  Atkinson  presented  the  statistics  of  exports  of  Amer- 
ican goods  showing  that  the  power  of  purchase  rested  mainly  with  those 
states  and  nations  in  which  the  advancement  of  science  has  led  to  the  in- 
crease of  purchasing  power,  the  United  Kingdom  of  Great  Britain  and  her 
colonies  buying  from  us  fifty-five  per  cent  of  what  we  had  to  sell,  Ger- 
many, France,  the  Netherlands  and  Belgium  a  fraction  under  thirty  per 
cent,  while  Italy,  Spain  and  all  other  European  states  were  able  to  pur- 
chase a  little  less  than  »\x  per  cent.  It  therefore  proved  that  those  states 
and  nations  In  which  modern  science  had  been  in  greater  or  less  measure 
applied  had  the  power  of  purchase  with  respect  to  ninety  per  cent  of  our 
entire  exports  of  the  last  fiscal  year,  in  amount  more  than  $1,100,000,000, 
while  all  the  Latin  American  states  of  South  and  Central  America,  Mex- 
ico, and  the  West  Indies,  not  British,  had  been  able  to  purchase  Hrom  us  but 
a  fraction  over  six  per  cent,  the  people  of  Asia,  not  British,  two  and  three- 
fourths,  of  Oceanica,  not  British,  a  fraction  over  one-half  of  one  per  cent : 
Africa,  not  British,  a  fraction  under  a  half  of  one  per  cent.  Thus  it  ap- 
peared that  the  Britfsh  colonies  only  had  the  power  of  purchasing  from 
us  eleven  per  cent  of  all  our  exports,  while  the  entire  world  outside 
of  Europe  or  of  British  control  had  the  power  of  purchase  of  less  than 
ten  per  cent. 

According  to  ordinary  business  rules  it  would  therefore  seem  to  be  for 
the  interest  of  this  country  to  promote  closer  trade  relations  with  our 
kith  and  Icln  beyond  the  sea  rather  than  wasting  time  and  effort  in  enter- 
ing upon  militarism  and  Imperialism  in  the  futile  effort  to  increase  trade 
with  the  non-machine-using  nations. 
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Thb  inhkrent  vice  of  legal  tender.    By  Edward  Atkinson,  Boston, 
Mass. 

He  dealt  with  the  question  of  legal  tender,  saying  good  money  needs  no 
act  of  legal  tender.  Only  bad  money  calls  for  an  act  of  force  or  legal  ten- 
der to  make  people  take  it  whether  they  want  it  or  not.  He  held  that  tlie 
so-called  free  coinage  act  proposed  in  1893  was  nothing  but  a  pretext. 
Coinage  consists  in  the  manufacture  of  round  discs  of  metal  certified  in 
weight  and  quality  by  the  stamp  of  the  government.  That  exhausts  the 
word.  Free  coinage  could  be  admitted  of  gold,  silver,  copper  or  nickel 
if  that  were  the  end  of  the  matter.  The  vice  of  the  free  coinage  policy 
is  hidden  under  the  name  of  legal  tender.  I^gal  tender  acts  were  born  in 
fraud  and  have  been  nursed  in  corruption  ever  since.  That  Is  the  record 
from  the  dawn  of  financial  history  to  the  present  day.  All  legal  tender 
acts  or  decrees  with  the  exception  of  those  relating  to  subsidiary  coin 
have  been  intended  for  one  of  two  purposes.  They  have  either  been  the 
acts  or  decrees  of  absolute  rulers  or  despotic  governments  for  the  pur- 
pose of  cheating  their  people  and  defrauding  them  of  their  earnings,  or 
else  they  have  been  acts  for  the  collection  of  a  forced  loan  In  the  conduct 
of  war,  like  our  legal  tender  acts  of  1801-62 ;  or  else  for  the  collection  of 
a  forced  loan  for  the  purchase  of  silver  under  the  Bland  and  Sherman  acts 
which  is  now  resting  in  noxious  desuetude  In  the  vaults  of  the  treasury 
of  the  United  States. 

Money  is  necessary  to  the  conduct  of  commerce.  Commerce  is  an  ex- 
change of  products  or  services  for  mutual  benefit. 

Who  invented  money?  No  one  knows.  All  exchanges  must  first  have 
been  in  the  nature  of  barter.  When  men  met,  each  of  whom  had  some- 
thing to  spare  which  the  other  did  not  want  at  that  time,  money  came  into 
use.  It  is  one  of  the  great  inventions  of  the  world  correspond  I  ng  to  the 
wheel,  the  making  of  fire,  the  spinning  of  a  cord. 

The  oldest  records  of  commerce  are  those  of  the  Assyrians,  Babyloni- 
ans and  Egyptians.  They  were  engaged  in  a  sreat  commerce.  They  used 
different  kinds  of  money  —  money  made  of  gold  and  money  made  of  sil- 
ver, both  metals  passing  by  weight.  They  also  used  oxen,  sheep  and  other 
cattle.  Less  advanced  nations  have  used  shells,  leather,  skins,  stock-fish 
and  many  other  articles ;  always  something  of  constant  demand  either  for 
ornament  or  for  use.  Money  was  invented  to  meet  the  necessities  of  trade 
before  there  was  any  law  or  legislation  in  the  sense  in  which  those  words 
are  used.  It  came  into  use  by  custom  and  out  of  customs  originated  de- 
crees, ordinances  and  laws.  By  and  by  laws  were  perverted  under  Hcts 
of  legal  tender  to  cheat  the  masses  of  the  people.  Coinage  was  invented 
long  after  money  had  begun  its  work,  nuggets  of  gold  and  silver  passing 
by  weight.  The  names  of  all  the  early  coins  are  names  of  weight.  Ev- 
ery contract  to  sell  or  deliver  goods  was  a  barter  of  coin  passing  by 
weight.     Every  contract  for  the  purchase  of  goods  was  a  barter  of  coin 
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passing  by  weight  for  a  measured  quantity  of  goods.  We  shall  never 
solve  the  difficulties  and  confusion  of  our  coinage  and  our  currency  until 
we  come  back  to  this  true  conception  of  a  double  barter  of  one  thing  for 
another:  goods  for  coin;  coin  for  goods;  credit  money  convertible  into 
coin  by  weight  serving  its  true  purpose. 

The  whole  international  commerce  of  the  globe  is  conducted  in  that 
way  by  the  weight  measure  of  a  pound  sterling.  There  is  no  lawful  coin 
known  as  a  pound  sterling.  We  bartered  American  cotton,  wheat  and 
other  products  of  our  farms  last  year  for  $800,000,000  worth  of  gold  coin 
measured  by  weight  in  pounds  sterling.  If  any  farmers  are  fools  enough 
to  want  silver  money,  or  cattle  money,  or  skin  money  they  can  get  it ; 
silver  in  Asia,  cattle  money  in  Africa,  fur  or  skin  money  in  Nova  Zembla. 
The  free  coinage  of  silver  of  full  legal  tender  is  almost  grotesque  in  its 
folly  and  audacity,  asking  farmers  In  the  great  Mississippi  valley,  eighty 
per  cent  of  whom  are  free  of  any  mortgage  whatever  and  are  thus  the 
creditors  of  the  world,  to  give  their  principal  customers  in  Great  Britain 
the  power  to  force  British  silver  costing  twenty  five  cents  an  ounce  or 
less  upon  them  under  an  act  of  legal  tender  at  one  dollar  and  twenty-nine 
and  a  half  cents  an  ounce,  or  sixteen  to  one.  The  force  of  folly  could 
no  further  go. 

Mr.  Atkinson  then  dealt  with  the  history  of  coinage.  He  pointed  out 
that  the  great  bimetallist,  President  Francis  A.  Walker,  defined  money 
as  '*  that  which  passes  freely  from  hand  to  hand."  Therefore  his  theory 
of  bimetallism  was  totally  opposed  to  his  own  principle ;  the  only  kind  of 
money  that  passes  freely  throughout  the  world  being  money  made  of 
gold. 

Cernuschi  defined  good  money  as  "  the  coin  of  which  the  bullion  is 
worth  as  much  after  it  is  melted  as  it  purported  to  be  worth  in  the  coin ; 
all  else  bad  money.**  The  only  kind  of  coin  in  the  world*s  market  which 
is  worth  as  much  after  it  is  melted  is  gold  coin. 

The  advocates  of  free  silver,  bimetallism  and  greenbacks  are  alike 
misled  by  the  fallacy  that  all  money  is  the  creation  of  law  and  that  it  is 
law  which  gives  it  monetary  force.  They  have  never  studied  economic 
history.  They  appear  to  be  incapable  of  dealing  with  the  great  facts 
of  commerce.  They  substitute  theories  and  fallacies  which  have  been 
exposed  over  and  over  again  in  the  history  of  the  world  and  which  have 
brought  disaster  whenever  and  wherever  adopted. 

Mr.  Atkinson  quoted  from  the  words  of  Pelatiah  Webster,  the  patriot 
merchant  of  Philadelphia,  who  resisted  the  issue  of  the  Continental  legal 
tender  paper  money,  traced  all  the  disasters  which  it  caused  and  which 
was  nearly  fatal  to  the  patriot  cause  and  who,  after  it  died,  wrote  of  its 
evil  effects  and  the  benefit  derived  from  its  final  death.  Yet,  as  Mr.  Atkin- 
son said,  there  are  men  apparently  of  sincerity  and  ability  that  propose  to 
renew  all  these  evils  by  forcing  fiat  money  on  an  unwilling  community ; 
concluding  as  follows : 

The  vice  of  legal  tender  is  that  it  deprives  men  of  their  right  to  free  con- 
tract; that  it  enforces  fraud  upon  an  unwilling  or  Ignorant  community 
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whether  its  members  desire  to  cheat  each  other  or  not.  It  is  a  bar  to  the 
integrity  of  a  nation  and  to  the  people  alike.  The  sincerity  of  its  pro- 
moters can  only  be  justiQed  at  the  expense  of  their  repute  for  common 
sense. 


Why  NOT  THY  A  NoHTH  Amrrican  Zollverein?    By  BiCHAKD  T.  Col- 
burn,  Elizabeth,  N.  J. 

The  United  States  with  a  popniation  of  seventy-five  millions,  and 
growing,  is  a  good  customer  to  the  rest  of  the  world,  enjoying  a  high 
average  wage,  a  lavish  scale  of  living,  and  a  consumption  of  imported 
articles  of  an  annual  per  capita  value  approximating  $11  of  which  but 
little  is  reexported  either  In  original  form  or  worked  over.  The  value  of 
this  market  is  well  understood  abroad,  and  by  none  more  so  than  our 
neighbors  on  the  North,  the  Canadians.  They,  however,  profess  to  be 
unwilling  to  enter  our  political  federation  to  secure  this  desirable  trade; 
and  there  is  no  reason  why  we  should  press  them  in  that  direction ;  they 
can  offer  us  only  a  limited  market  of  five  millions  as  against  seventy-five, 
in  which  there  is  hardly  a  reciprocity ;  but  instead  they  resort  to  diplo- 
matic stratagem  and  unneighborly  spite  to  worry  us  into  compliance, 
going  so  far  as  to  favor  the  mother  country  by  an  abatement  of  twenty-five 
per  cent  on  manufactures  they  might  obtain  from  us.  This  is  as  strictly 
within  their  right  as  for  us  to  exclude  their  seal  furs.  The  meeting  in 
Quebec  offers  an  opportunity  to  put  the  commercial,  industrial  and  transit 
relations  of  the  two  peoples  on  a  more  equitable,  perm.-inent  and  automatic 
basis,  oue  which  would  be  economically  and  diplomatically,  if  not  also 
strategically,  advantageous  to  both  parties.  (1)  We  may  let  the  alternative 
of  annexation  bide  its  own  time ;  several  causes  loom  up  to  make  it  more 
desired  by  the  Canadians  than  by  ourselves.  (2)  The  alternative  of 
retaliatory  tarifi's  can  be  held  in  reserve  as  a  last  resort.  (3)  There 
remains  that  of  a  common  tariff,  or  customs  union  for  the  whole  of 
North  America,  or  so  many  of  the  colonies  and  nations  as  choose  to 
enter  it,  allowing  the  tariff  rates  against  the  rest  of  the  world  outside  to 
be  uniform,  and  framed  after  due  hearing  of  delegates  from  parties  in 
interest,  by  the  Committees  of  Congress  at  Washington.  Duties  to  be 
collected  at  seaports  and  retained  by  the  member  importing.  A  like  com- 
munity of  freedom  might  open  the  fisheries  assimilating  commerce, 
mining  and  fishing  industry  to  the  present  service  in  railroad  transit, 
postage  currency,  news,  etc-  The  '*  bonding  privilege"  could  remain,  but 
it  might  be  abolished  with  advantage. 

The  professions  of  good  will  coming  from  Britons  and  Canadians,  may 
be  stamped  with  sincerity  by  laklng  this  practical  concrete  form.  The 
gain  or  loss  to  the  Treasury  of  either  would  not  be  great,  if  we  oflOset 
the  saving  to  be  effected  by  abolishing  custom  houses  and  surveillance 
along  a  common  frontier  line  of  over  four  thousand  miles.  But  fiscal 
advantages  are  trifling  compared  with  the  greater  security  for  peace  and 
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amity  between  kindred  peoples.  Moreover,  the  United  Staten  has  it  in 
its  power  to  compensate  both  Britain  and  Canada  abundantly  for  any 
sacrifice  of  dignity  or  profit  there  may  be  to  either.  The  conflicting 
claims  in  Eastern  Asia,  the  Nicaragua  Canal,  the  danger  of  a  hostile 
coalition  threatening  dismemberment  of  the  British  Empire  may  bring 
us  to  the  side  of  Britain.  We  cannot  permit  even  Canadian  territory  to 
pass  by  conquest,  permanently,  into  hands  other  than  our  own.  For 
this  security,  hitherto  lightly  regarded,  Canada  can  afibrd  to  be  very  self- 
denying.  British  capital  invested  on  both  sides  of  the  line  must  be  ben- 
efited greatly  by  an  industrial  and  commercial  unification. 


Nicaragua  and  thb  canal.    By  Dr.  Wolprkd  Nklsox,  F.R.G.8.,  New 
York,  N.  Y. 

The  republic  of  Nicaragua,  her  resources  and  geographical  position, 
were  discussed  at  len<;th.  Geographically,  North  America  (the  United 
States  of  America  and  Canada)  occupies  a  position  midway  between 
Europe  and  Africa  on  the  one  hand,  and  China  and  India  on  the  other.  A 
ct>mpleted  canal  will  have  an  im  me  use  importance  to  the  Unittd  States,  with 
her  new  Pacific  possessions  —  the  Hawaiian  Islands  and  the  Philippines. 
With  the  latter  or  an  island  of  that  group.  North  America  has  vast  possi- 
bilities within  her  reach.  When  the  Nicaragua  canal  becomes  a  fact  the 
United  States  and  Canada  will  be  many  days  nearer  the  East  than  Eng- 
land or  Europe,  certainly  twelve  or  fifteen  days  nearer. 

The  Nicaragua  Canal,  with  locks,  will  have  its  Pacific  entrance  at  Brito. 
The  section  of  land  between  Brito  and  Lake  Nicaragua,  when  cut,  will 
have  several  locks  —  Lake  Nicaragua  is  a  magnificent  inland  body  of 
water,  one  hundred  and  twenty-five  miles  long,  with  un  average  breadth 
of  forty  miles  —  the  water  lane  across  the  lake  will  end  at  San  Carlos, 
the  latter  a  mere  hamlet,  marking  the  entrance  to  the  San  Juan  del  Norte, 
or  the  lake's  outlet  to  the  Atlantic  Ocean.  Part  of  the  river  will  be  used— 
at  the  longer  two-thirds,  the  canal  will  leave  the  stream,  and  be  cut 
through  land  and  rock  to  Greytown  on  the  Atlantic.  At  Greytown  or  Sau 
Juan  del  Norte,  a  harbor  will  have  to  be  made  —  it  will  cost  much  money, 
owing  to  drifting  sands  and  ocean  currents. 

An  engineering  work  of  such  a  magnitude  —  within  the  tropics  —  must 
cost  considerable  money  and  many  lives.  If  the  canal  costs  $200,000,000 
or  $800,000,000,  what  of  It?  Let  the  engineering  and  climatic  diflacultles 
be  fully  estimated  before  any  start  is  made.  Let  the  many  and  real  dlfil- 
culties  be  faced  with  Anglo-Saxon  intelligence  and  frankness,  when  all 
will  be  well.  The  practical  question  arises.  Will  such  a  canal,  at  such 
a  cost,  pay?  If  the  canal  is  built  by  the  United  States  and  England  — 
built  under  joint  control  —  its  cost  will  Ije  far  less  than  if  built  by  any 
private  corporation.  The  cost,  be  it  what  it  may,  $200,000,000  or  $300,- 
000,000,  if  guaranteed  by  the  countries  named,  will  be  a  matter  of  small 
moment,  if  placed  in  the  balance  and  weighed,  to  its  usefulness  to  the 
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United  States  nnd  England.  The  money  for  constrnction  can  be  had  at 
3  per  cent  under  a  joint  guarantee. 

The  completed  canal  vrould  malce  New  York,  Boston,  Montreal  and  New 
Orleans  maiinfactaring  cities  of  the  first  magnitude.  New  Orleans,  on 
America's  vast  artery,  the  Mississippi— now  that  the  river  Is  opened  all  the 
year,  thanks  to  the  Holt  quarantine  system,  one  that  protects  without 
interfering  with  commerce  —  may  become  the  Industrial  centre  of  the 
new  South.  Her  geographical  position  places  her  in  the  front  ranlc  —her 
nearness  to  Cul)a  and  the  proposed  canal  —  and  will  make  her  a  strong 
competitor  in  the  race  for  manufacturing  supremncy. 

In  my  paper  on  *'  Cuba :  Past,  Present  and  Future,"  I  ventured  to  fore- 
cast Cuba's  future,  as  an  American  posstssion,  saying,  **  Cuba  and  Ja- 
maica are  keys  to  the  Gulf  of  Mexico.*'  Let  us  recall  the  fact  of  the 
nearness  of  Greytowii ;  while  they  are  the  keys  to  the  Gulf  of  Mexico, 
they  are  on  the  Atlantic  highway  and  the  Anglo-Saxon  sentinels  of  the 
canal. 

To  any  student  of  this  important  and  timely  theme  — '  the  time  when 
is  now.  Let  the  United  States  and  England  see  to  It  that  the  early  mar- 
riage of  the  Atlantic  and  Pacific  takes  place.  With  such  sponsors  at  the 
wedding,  it  indeed  will  be  :i  fin-dt-siecle  event  of  the  first  magnitude ;  it 
will  be  a  Iilstorymaking  event,  a  final  binding  of  the  bonds  uniting  the 
Anglo-Saxon  races,  one  in  language,  blood,  thought  and  purpose;  one  in 
advancing  commerce,  learning,  religion  and  science. 


SOMK   KFPKCTS   OF   RKCKNT  TARIFF  LEGISLATION   ON  THK  IMPORTATION  AND 

TUB  noMESTic  pnoDUCTn»N  OF  SUGAR.    By  Frank  R.  Rotter,  U.  8. 
Geological  Survey,  Washington,  D.  C. 

The  increased  interest  and  importance  of  the  sugar  tariff  in  recent  years 
illustrate  the  marked  change  that  has  taken  place  with  regard  to  agricul- 
tural protection  in  theory  and  in  practice.  The  sugar  schedule  is  indica- 
tive of  the  general  character  of  the  tariff  acts  and  the  circumstances  of 
their  passage.  The  act  of  1890,  a  surplus-protective  measure,  reduced 
duties  but  maintained  protection;  It  removed  the  duty  on  foreign  and  sub- 
stituted a  bounty  on  domestic  raw  sugar,  and  retained  a  protective  duty 
on  refined  sugar.  The  act  of  1894,  a  surplus-revenue  tariff,  farther  re- 
duced duties,  mainly  along  non-protectlonlst  lines;  the  bounty  was  re- 
pealed and  a  revenue  duty  on  raw  sugar  was  restored,  but  an  additional 
protective  duty  on  refined,  specific  in  form,  was  granted.  The  act  of  1897, 
a  deficiency-protective  measure,  raised  duties  and  increased  protection, 
imposing  a  protective  duty  on  both  raw  and  refined  sugar. 

The  duties  Imposed  have  been  ad  valorem^  specific,  combined  ad  valorem 
aiiil  specific,  and  graduated  specific,  in  form.  The  last  form  —  a  specific 
duty  varying  in  amount  with  the  purity  of  the  sugar  —  has  the  fairness  of 
an  ad  valorem  duty  without  the  danger  of  undervaluation,  It  yields  more 
constant  revenue,  and  it  may  be  proportioned  to  home  rather  than  to  for- 
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eign  valuation.  The  ad  valorem  duty,  by  exempting  cost  of  freight  from 
dutiable  value,  unduly  encourages  distant  importation,  usually  of  lower 
grade  sugars.  Thus  under  the  act  of  1894  the  proportion  of  Dutch  East 
India  .sugar  imported  largely  increased —  from  an  average  of  6.2  per  cent 
of  the  imports  not  above  No.  16  Dutch  standard  in  color,  during  the  fiscal 
years  1892  to  1894  to  12.2  per  cent  during  the  years  1895  to  1897. 

The  countervailing  duties,  designed  to  offset  European  export  bounties, 
have  been  successively  raised  and  made  more  general  in  the  acts  of  1890, 
1894  and  1897,  the  last  of  which  imposed  a  special  duty  on  all  imports 
on  which  a  foreign  bounty  has  been  paid,  equal  in  amount  to  the  bounty. 
As  a  result,  the  imports  of  raw  sugar  from  Germany,  which,  stimulated 
by  the  Cuban  war,  increased  from  8.6  per  cent  of  the  total  in  1894-96  to 
32.0  per  cent  in  1896-97,  fell  off  in  1897-98  to  6.1  per  cent. 

Protection  to  domestic  cane  sugar  is  measured  by  the  duty  on  raw  sugar ; 
to  domestic  beet  sugar,  the  product  of  which  enters  into  direct  consump- 
tion, by  the  duty  on  refined;  and  to  the  refining  interests,  by  the  differ- 
ence between  the  two  duties.  The  differential  in  favor  of  refined  sugar 
during  the  fiscal  years  1888  to  1890  was  about  ninety-eight  cents  on  one 
hundred  pounds  of  refined ;  under  the  act  of  1890,  about  fifty-one  cents ; 
under  the  act  of  1894,  about  forty-two  cents ;  and  on  German  refined  under 
the  act  of  1897,  including  the  countervailing  duty  on  refined,  about  fifty- 
five  cents. 

The  bounty  law  stimulated  both  beet  and  cane  sugar.  Beet  sugar,  form- 
ing less  than  2  per  cent  of  the  domestic  product  in  1890,  increased  to  6.8 
per  cent  in  1894,  and  in  1897  constituted  12.3  per  cent.  In  the  case  of  cane 
sugar,  the  bounty  law  facilitated  the  transition  that  was  taking  place  in 
the  method  of  manufacture  from  the  primitive  open  kettle  to  the  vacuum 
pan  with  its  far-reaching  economies.  The  bounty  law  favored  high  grade 
sugar;  it  seemed  to  give  promise  of  permanence;  and  it  offered  protec- 
tion against  free  Hawaiian  sugar,  as  a  duty  did  not. 

Every  change  in  the  tariff  has,  for  a  time,  adversely  affected  the  prices 
of  Louisiana  sugar  as  compared  with  the  New  York  prices  of  foreign 
sugar. 


Tub  kthical  pcj.>jctiox  of  the  kconomist.     By  John  Davidson,  M.A., 
D.Phil.,  University  of  New  Brunswick,  Canada. 

The  discussion  of  how  far  ethical  considerations  should  enter  into  polit- 
ical economy  is  in  itself  a  confession  of  weakness  and  the  new  school  of 
economists  seek  to  remove  the  ground  for  the  old  attacks  on  the  dismal 
science  by  introducing  into  economics  all  sorts  of  extraneous,  ethical, 
sentimental  and  sociological  considerations.  But  little  has  been  gained 
by  these  concessions  and  economics  is  even  less  authoritative  than  in  the 
hands  of  the  classical  economists.  The  remedy  has  been  sought  in  the 
wrong  way  by  making  such  admissions.    The  question  is  not.  How  far 
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shall  ethical  considerations  enter  into  political  econony?  but.  What  is  the 
ethical  function  of  the  economist? 

Economics  forms  part  of  the  data  of  ethics  and  the  function  of  the 
economist  is  to  make  the  data  as  complete  as  possible.  His  work  there- 
fore is  analytic  and  lie  discusses  the  conditions  cf  one  of  the  dominant 
human  motives.  With  the  synthesis  of  action  he  has  nothing  qtui  econ- 
omist to  do.  All  intelligent  action  is  based  on  knowledge  of  the  situation 
and  that  action  is  right  which  fits  the  conditions  of  the  case.  General 
moral  rules  are  statements  of  the  analysis  of  the  most  permanent  elements 
of  situations  and  economic  laws  are  but  more  detailed  analyses  of  the 
conditions  of  one  of  the  motives  on  which  men  act.  That  economic  mo- 
tives are  too  often  allowed  too  wide  a  scope  is  true,  and  it  Is  also  true  that 
tlie  economist  Is  apt  to  magnify  his  calling  and  try  to  dictate  what  shall 
be  done  as  well  as  the  means  to  do  it.  The  economist  however  merely 
indicates  the  proper  steps  to  take  assuming  the  end  is  desirable.  Whether 
it  is  desirable  or  not  is  a  question  for  the  individual  agent.  Economic 
laws  are  therefore  merely  hypothetical  imperatives  and  their  application 
depends  on  the  indivlduars  decision  whether  or  not  the  hypothetical  im- 
perative is  also  a  categorical. 

The  economist  is  naturally,  like  all  scientists,  liable  to  the  bias  of  the 
specialist;  but  when  he  proceeds  to  the  synthesis  of  action  and  dictates 
what  shall  be  done  as  well  as  how  to  df»it  he  is  transcending  his  function. 
But  he  remains  a  man  and  a  citizen  and  he  has  the  right  as  such  to  make 
his  own  synthesis  of  action.  Tet  he  does  this  not  as  an  economist.  Spec- 
ial knowledge  however  is  no  bar  to  this  further  social  duty,  and  although 
he  is  liable  to  the  bias  of  the  specialist  yet  his  specialization  is  deliberate 
and  not  that  unconscious  specialization  which  we  call  prejudice.  Other 
things  being  the  same  the  possession  of  knowledge  is  an  advantage  in 
action ;  and  the  ethical  function  of  the  economist  is  to  contribute  to  that 
knowledge  of  the  conditions  of  action  which  must  necessarily  precede 
and  be  the  condition  of  all  intelligent  and  therefore  all  right  action. 


Thk  development  of  colonial  policy.    By  John  JOavidsom,  M.A., 
D.  Phil.  CEdinburgh),  University  of  New  Brunswick,  Canada. 

While  colonies  may  be  conveniently  classified  in  one  of  two  groups, 
those  capable  of  responsible  government  and  those  unfit  for  democratic 
institutions,  the  diflerence  is  simply  one  of  the  methods  of  administration. 
The  end  of  colonial  policy  remains  the  same  in  both  groups :  namely,  to 
treat  the  colony  as  an  end  in  itself  and  not  as  a  mere  appanage  or  conve- 
nience to  the  mother  country  to  be  exploited  either  for  trade  or  for  offices. 
This  is  the  only  basis  of  a  colonial  policy  which  has  been  approved  by  expe- 
rience and,  while  the  idea  of  monopoly  may  be  natural  to  the  political  mind, 
history  shows  that  disaster  follows  monopoly  and  that  the  evolution  of  a 
sound  policy  is  from  monopoly  to  freedom.  This  is  the  course  of  English 
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colonial  policy,  the  only  successful  policy  In  history.  Though  it  is  now 
the  basis  of  English  policy  it  has  not  always  been ;  and  the  development 
has  been  the  work  of  centuries  during  which  by  force  of  events  the  policy 
has  been  moulded.  English  colonial  policy  is  divisible  into  three  periods : 
(1)  to  lh»^  war  of  Independence;  (2)  to  1850;  (3)  to  the  present  day ;  and 
each  period  has  its  own  characteristics. 

The  first  period  has  been  studied  and  its  characteristics  are  well  known. 
In  it  England  followed  to  a  certain  degree  the  policy  of  monopoly  and  the 
end  was  disaster.  The  sole  use  of  a  colony  was  the  monopoly  of  its 
trade;  but  this  commercial  restriction  was  the  sole  badge  of  dependency. 
Politically  they  were  not  restricted.  The  second  period  is  a  complete  re- 
versal of  the  first.  Politically  the  colonies  that  remained  were  not  free, 
commercially  they  were  less  restricted  than  in  the  first  period  and  they  re- 
ceived  in  addition  certain  preferences  in  the  English  market.  The  Napo- 
leonic war  prevented  statesmen  from  fully  applying  the  lessons  of  the  war 
of  Independence  and  for  thirty  years  the  policy  was  governed  by  tempo- 
rary exigencies.  After  the  war  the  task  of  reform  was  taken  up.  First 
the  commercial  restrictions  were  removed.  Then  the  political  restrictions, 
imposed  to  prevent  what  Pitt  called  the  recurrence  of  the  late  unhappy 
events  in  America,  was  lifted.  The  compensation  lingered  longer  until 
the  colonists  forgot  that  the  preference  was  in  compensation  for  restric- 
tion. But  the  growth  of  free  trade  ideas  made  the  removal  of  the  colonial 
preferences  inevitable. 

The  third  period  begins  with  the  triumph  of  free  trade  in  England 
which  left  the  colonies  free  from  external  restrictions.  But  it  was  a 
triumph  of  Aree  trade  rather  than  of  freedom  and  England  had  intended  that 
the  colonies  should  also  be  free  trade  countries.  The  colonies  objected 
and  the  result  was  conflict  with  the  colonial  office.  The  colonists  appealed 
to  the  principles  of  responsible  government  and  step  by  step  won  the  some- 
times sullen  acquiescence  of  the  home  government  to  their  complete  and 
absolute  control  of  their  own  afikirs  and  in  1897  they  achieved  the  last 
'  step  when  their  imperial  initiative  was  admitted. 

The  rt'sult  is  that  colonial  policy  is  not  on  a  definite  footing  of  freedom. 
The  colonies  are  administered  for  themselves ;  whether  or  not  for  them- 
selves depends  on  circumstances.  They  are  not  in  any  way  sacrificed  to 
the  interests  of  the  mother  country  and  are  never  regarded  as  a  market  to 
be  monopolized. 


Thb  rconomic  status  of  thb  nursr.    By  Mrs.  Hblbn  Davidson,  Fred- 
ericton,  New  Brunswick. 

Nursing  is  an  instance  of  an  occupation  which  during  the  last  half 
century  has  risen  from  being  the  last  refuge  of  the  incompetent  or  the 
work  of  the  sentimental  and  philanthropic,  almost  to  the  dignity  of  a 
profession,  making  high  demands  on  moral  character,  demanding  long 
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and  rigorous  training  and  higlily  specialized  knowledge,  and  having  a 
recognized,  though  as  yet  unfonnnlated  code  of  professional  ethics. 
The  development  has  taken  place  as  the  complement  of  the  medical  and 
surgical  advances  of  the  century.  The  specialized  skill  of  the  physician 
and  surgeon  requires  specialized  skill  in  nursing  that  the  results  may  not 
be  lost. 

There  are  many  problems  at  present  arising  for  consideration  The 
profession  is  hardly  at  all  recognized.  There  is  no  recognized  standard 
of  efficiency  and  the  result  is  overcrowding  and  irregular  employment. 
Nurse  is  a  term  which  is  made  to  include  women  of  all  degrees  of  com- 
petency—  the  graduate  of  the  finest  hospitals  in  the  largest  cities,  the 
graduate  of  small  provincial  schools  where  experience  is  limited  and 
training  of  nurses  slovenly,  the  graduates  of  special  hospitals  such  as 
children's,  fever,  etc.,  and  the  individual  whose  services  have  after  a 
period  been  dispensed  with  at  her  training  school  who  yet  claims  to  have 
been  one  of  its  nurses.  The  public  is  largely  responsible  for  this  con- 
fusion of  things  that  are  difi'erent  and  the  difi'erentiatiun  of  the  grades 
will  be  the  result  of  increased  public  Intelligence.  As  it  is,  the  nurse 
from  the  better  schools  is  doing  what  she  can  to  establish  a  distinction 
between  herself  and  the  comparatively  untrained.  Partly  to  overcome 
the  difficulties  of  irregular  employment  and  to  find  a  substitute  for  nurs- 
ing registries  which  are  too  often  ** blackmail"  institutions  demanding  a 
percentage  of  all  earnings,  alumna;  associations  have  been  formed  and 
a  National  Alumnae  Association  is  in  process  of  organization.  This  lat- 
ter association  which  is  formed  of  the  graduates  of  schools  above  a  cer- 
tain standard  promises  to  undertake  the  solution  of  certain  problems  of 
great  economic  importance.  It  proposes  to  remove  conditions  which 
demand  work  night  and  day  till  the  case  is  ended,  thus  happing  the  vital- 
ity of  the  nurse  and  necessitating  a  rej«t  of  four  or  five  months  in  the 
year.  It  proposes  to  control  the  training  of  nurses  by  excluding  all 
trained  in  small  and  efficient  schools.  It  hopes  to  establish  a  code  of 
professional  ethics.  The  result  of  its  w(>rk,  if  it  is  successful,  will  be 
the  organization  of  a  profession  on  an  economic  basis  where  different 
degrees  of  efficiency  will  not  be  confounded,  where  the  conditions  of 
work  will  be  human,  where  ngularity  of  employment  will  be  so  far  as 
possible  secured,  where  a  guarantee  will  be  offered  to  the  public  that  when 
they  pay  the  comparatively  high  prices  which  nurses  command  they  will 
not  be  the  victims  of  a  confusion  of  terms  receiving  something  else  than 
highly  trained  services  for  their  money.  One  certain  result  will  be  the 
disappearance  of  the  small  school.  Small  hospitals  are  a  necessity. 
Small  schools  in  connection  with  small  hospitals  are  an  economic  nuisance 
and  result  in  an  imposition  on  the  public.  Another  result  will  be  that 
the  public  will  become  convinced  that  skill  in  nursing  is  not  an  intuition 
but  the  result  of  training ;  and  the  newly  philanthropic  and  sentimental 
person  will  not  be  able  to  foist  herself  upon  the  public  whether  as  a  Red 
Cross  nurse  or  as  a  district  visitor  to  the  degradation  of  other  workers 
whose  name  she  usurps  and  the  confusion  of  a  public  service. 
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American  industrial  expositions,  their  purposes  and  benefits.    By 
Dr.  Marcus  Benjamin,  U.  S.  National  Museum,  Wasbington,  D.  C. 

This  paper  showed  the  development  of  industrial  expositions  from  the 
fairs  of  the  middle  ages  and  gave  brief  historical  suramnries  of  the  three 
great  international  expositions  held  in  New  York,  Philadelphia  and  Chi- 
cago. The  interstate  expositions  were  then  discussed  and  the  leading 
characteristics  of  those  held  in  New  Orleans,  San  Francisco,  Atlanta,  Nash- 
ville and  Omaha  pointed  <mt  and  the  great  benefits  conferred  by  each  on 
the  adjacent  territory  indicated.  The  paper  also  discussed  how  the  se- 
lection of  exhibits  might  be  improved  and  when  such  a  condition  was 
achieved  the  awards  in  the  way  of  medals  and  diplomas  would  be  more 
appreciated.  Incidentally  the  work  of  the  jurors  was  referred  to  and  it 
was  shown  that  a  more  careful  selection  of  exhibits  would  also  greatly 
facilitate  the  work  of  making  proper  and  satisfactory  awards. 


Scientific  bookmaking.    By  Charles  W.  Felt,  Marlboro,  Mass. 

The  scientific  manufacture  of  books  by  literary  and  mechanical  work- 
ers is  being  constantly  improved  and  the  most  promising  advance  in  the 
near  future  may  be  expected  from  mechanical  improvements  in  the  line 
of  the  type  writer  which  will  enable  the  author  to  make  at  small  cost  sev- 
eral copies  of  his  work  so  as  to  secure  as  far  as  possible  before  printing 
the  criticisms  of  experts,  and  to  supply  the  printer  with  "copy"  as  nearly 
perfect  as  possible. 

Then  the  reliance  upon  authority,  frequently  the  defective  memory  of 
a  single  person,  defective  even  in  quotations,  calls  for  investigation,  and 
is  liable  to  end  at  dense  ignorance.  There  is  quite  too  much  readiness  to 
print  the  words  of  some  well-known  men  who  may  be  ill-informed.  Fre- 
quently, under  present  methods,  the  man  who  does  not  know  is  taken  as 
authority,  and  the  man  who  knows  is  treated  with  practical  contempt 
simply  because  he  is  not  widely  known. 

Some  conspicuous  books  contain  many  errors,  and  we  must  find  a  rem- 
edy. We  need  a  Bureau  of  Criticism  competent  to  make  suggestions  that 
will  command  public  respect,  and  aggTe.«isive  enough  to  call  upon  pub- 
lishers in  extreme  cases  to  recall  defective  editions  and  replace  them  with 
books  that  will  better  serve  the  public.  Such  a  Bureau  should  encourage 
authors  to  consult  experts,  and  publishers  should  be  induced  to  take  all  pos- 
sible precautions,  especially  to  gather  corrections  to  be  made  in  future 
editions,  even  though  years  may  elapse  and  change  of  publishers  Inter- 
vene. 

Many  of  us  have  occasion  to  remember  thankfully  the  welcome  aid  of 
printers  and  publishers.  But  unfortunately  we  have  suffered  much  from 
books  which  are  a  disgrace  to  our  boasted  civilization,  and  sometimes 
these  books  come  to  us  bearing  the  names  of  individuals  from  whom  better 
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things  should  be  expected.  One  diflficulty  is  that  most  literary  men  have 
but  a  limited  conception  or  their  own  knowledge  of  words.  A  good  kiiowN 
edge  of  words,  like  a  good  name,  is  more  to  l>e  desired  than  great  riches. 
Men  commonly  have  an  idea  of  the  number  of  dollars  they  possess,  bnt  few 
have  an  intelligent  idea  of  the  number  of  words  they  have  at  command.  A 
few  years  ago  I  examined  this  point  carefully  and  can  show  that  most 
intelligent  people  have  a  vocabulary  of  16,000  to  20,000  words.  I  have 
printed  bnt  not  published  two  books  of  250  and  550  pages  containing 
twenty -five  samples  of  selected  English  and  their  analysis  into  words,  being 
an  original  iuvestigation,  in  due  time  to  i)e  completed  and  published  as  a 
contribution  towards  scientific  bookmaking. 

The  early  hieroglyphics  written  on  wood,  stone  or  metal  were  in  form 
suited  for  such  materials.  With  the  use  of  paper  the  letters  became  in 
time  suited  for  the  pen.  Now  we  want  letters  suited  to  typography.  The 
type-writer  teaches  us  that  it  is  better  to  leave  an  equal  space  for  every 
letter.  The  I  should  receive  an  addition  and  the  W  and  M  should  be  re- 
duced. Cheapness  requires  fewer  characters,  and  a  new  alphabet  Is  wanted 
to  take  the  place  of  capitals  and  lower  case.  Telegraphic  alphabets  have 
been  introduced  in  this  century,  and  for  three  centuries  stenographic  al- 
phabets have  been  multiplied  by  hundreds.  Now  there  is  need  of  a  dis- 
tinctively typographic  alphabet  to  lighten  the  labor  of  author  and  printer, 
and  I  am  led  to  believe  that  a  character  can  be  devised  that  will  serve  the 
purpose  of  both  capitals  and  small  letters. 


A   PLKA   FOR  MANUAL   AND   INDUSTRIAL  TRAINING    IN    HORFICULTaRE.      By 

Prof.  William  R.  Lazknby,  Ohio  State  University,  Columbus,  Ohio. 


The  economic  possibilities  ok  Cuba.    By  Robert  T.  Hill,  U.  S.  Geo- 
logical Survey,  Washington,  1).  C 

[This  paper  was  printed  as  a  chapter  in  **  Cuba  and  Porto  Rico,  with 
the  other  West  Indies,**  by  Robert  T.  Hill,  Century  Company,  New  York, 
October,  1898.] 


The  economic  value  op  good    roads.    By  A.  W.  Campbell,  C.E., 
Department  of  Agriculture,  Ontario,  Canada. 

The  science  of  economics  has  many  branches,  some  of  which  may  be 
more  prominent  than  that  which  pertains  to  common  roads,  but  none  are 
more  worthy  of  careful  consideration.  There  was  a  period  belonging  to 
thu  history  of  the  Roman  Empire  wlien  the  importance  of  roads  was  so 
fully  recognized  that  the  control  of  road  construction  belonged  to  the  Em- 
peror.   In  later  years,  we  find  an  Emperor  of  France,  the  first  Napoleon, 
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whose  power  overshadowed  the  whole  of  Europe,  devoting  his  attention 
to  the  construction  of  roads.  These  roads  of  France  and  Rome,  it  is  true, 
were  railways  and  military  routes  as  well.  And  if  the  importance  of  the 
common  roads  appears  to  have  lessened  in  the  mind  of  the  people,  it  is 
only  because  attention  has  been  diverted  for  a  time  to  the  construction  of 
those  magnificent  lines  of  steel,  which  form  a  network  over  the  continent 
from  the  Atlantic  to  the  Pacific,  and  are  an  indelible  record  of  the  march 
of  civilization  and  prosperity. 

With  respect  to  the  actual  monetary  economy  of  roads,  it  is  difficult  to 
arrive  at  exact  conclusions.  In  difi'erent  localities,  where  the  extent  of 
population,  the  average  length  of  haul,  the  topography,  products  of  the 
land,  and  other  circnmstances  vary,  the  financial  returns  from  road  im- 
provement must  also  difffer.  Moreover,  statistics  of  a  reliable  nature  on 
which  to  base  conclusions  are  difficult  If  not  impossible  to  gather.  We 
can  only  reach  approximate  results  which  are,  however,  from  their  mag- 
nitude, very  convincing. 

The  financial  returns  to  the  farmers  have  been  represented  in  a  number 
of  ways,  one  of  the  chief  of  which  is  in  cheaper  haulage.  This  may  be 
in  the  shape  of  larger  loads,  the  result  of  easier  traction.  For  example, 
from  experiments  conducted  for  the  French  Government  we  learn  that  to 
move  a  wagon  and  load  weighing  together  one  ton  of  2240  pounds,  at  slow 
pace,  the  traction  force  on  a  level  Telford  road  surfaced  with  exceedingly 
hard  stones,  was  forty-six  pounds ;  on  a  level  macadam  roadway  of  small 
broken  stones,  sixty -five  pounds :  on  a  gravel  road,  one  hundred  and  forty 
to  one  hundred  and  forty-seven  pounds;  on  a  common  earth  road,  two 
hundred  pounds.  That  is,  nearly  four  times  as  much  could  be  drawn  on  a 
perfect  Telford  road  as  on  an  earth  road,  provided  the  surface  were  level. 
If  the  load  had  to  be  lifted  up  an  incline  or  lowered,  this  ratio  would  vary. 

The  economy  of  good  roads  may,  from  the  above,  be  expressed  in  a 
reduced  number  of  horses,  practical  illustrations  of  which  we  have  in 
England  and  Scotland  where  it  is  rare  to  see  a  farm  load  drawn  by  more 
than  one  horse,  so  perfect  are  the  roads.  If  the  number  of  farm  horses 
could  be  reduced  by  one-half,  or,  making  every  allowance  for  farm  re- 
quirements, say  one-quarter,  the  saving  would  be  enormous.  The  num- 
ber of  farm  horses  employed  in  the  United  States,  I  do  not  know,  but  in 
my  own  Province  of  Ontario,  reports  of  the  Bureau  of  Statistics  show 
that  in  1896  there  were  484,884  working  horses.  This  number  does  not 
include  the  unbroken  horses  nor  breeding  mares,  but  represents  the  num- 
ber actually  used  for  work.  Estimating  the  cost  of  horsekeeping  at  #60 
a  year,  which  Is,  I  believe,  a  fair  average,  this  would  mean  an  annual 
saving  of  $6,516,760  —  no  inconsiderable  amount  to  a  population  of  about 
two  million. 

Another  basis  of  estimating  the  loss  may  be  that  of  more  rapid  haulage 
and  travel  which  would  bring  us,  if  we  estimate  time  at  a  money  value, 
to  an  enormous  amount.  In  this  connection  I  am  reminded  of  a  state- 
ment made  by  a  Canadian  member  of  Parliament  who  has  used  the  road  to 
a  considerable  extent,  that  he  had  lost  one-half  his  life  by  being  compelled 


Digitized  by 


Google 


672  SECTION    I. 

to  travel  over  bad  roads.  The  statement  may  be  overdrawn,  but  It  con- 
tains a  fund  of  truth  from  which  startling  conclusions  may  be  deduced. 

The  saving  in  haulage  may  be  estimated  with  respect  to  the  extended 
period  in  which  It  may  be  carried  on.  In  this  connection  I  would  quote 
from  my  annual  report  of  1897  which  Included  an  estimate  on  this  basis: 
•*  From  the  middle  of  October  until  tlie  end  of  December,  and  from  the 
first  of  March  to  the  middle  of  May,  a  period  of  five  months,  by  far  the 
greatest  part  of  Ontario  Is  mud,  ruts  and  pitch-holes.  This  may  vary 
somewhat  In  the  more  northerly  and  more  southerly  part  of  the  Province, 
but  is  the  general  rule  of  the  average  year.  Of  this  period  of  five 
months,  there  are  at  least  two  months  when  the  roads  are  practically  im- 
passable for  loads.  From  the  middle  of  November  until  the  middle  of 
December;  from  the  middle  of  March  until  the  middle  of  April,  the  agri- 
cultural trade  of  the  country  is  practically  cut  off.  For  the  remaining 
three  months  of  the  five,  the  roads  arc  barely  pa^^sable.  To  this  may  be 
added  January  and  February  for  part  of  the  Province,  those  southerly 
counties  of  Western  Ontario  where  sleighing  exists  for  two  or  three 
weeks  at  the  most.  If  we  Include  a  winter  month  (and  during  the  winter 
there  are  many  days  when  travel  Is  shut  off)  there  are  six  months  of  the 
year  when  travel  and  teaming  in  Ontario  are  retarded  by  bad  roads.  Part 
of  that  time,  at  least  two  months  as  pointed  out,  country  traffic  Is  practi- 
cally Impassable.  If  during  those  two  months  fortune  favor  us  with  a 
few  days  when  teaming  can  be  done,  there  are  plenty  of  days  during  the 
remainder  of  the  year  to  make  two  months  of  impassable  roads  over  the 
Province  generally. 

Statistics,  as  previously  stated,  show  that  In  1896  there  were  434,384 
working  horses  owned  by  the  farmers  of  Ontario.  Let  us  assume,  and 
the  assumption  is  a  very  moderate  one  Indeed,  that  one-half  of  these 
horses,  which  would  otherwise  work,  are  prevented  from  doing  so  for 
two  months  or  sixty  days  of  the  year,  and  that  their  teamsters  are  also 
left  In  Idleness. 

This  means  that  for  sixty  days,  108,596  teams  and  teamsters  are  idle. 
The  price  generally  paid  Is  #8  a  day  for  a  team  with  a  driver,  and  Is  a 
proper  estimate  of  the  value  to  the  country.  The  direct  financial  loss 
dally,  therefore,  is  at  least  8325,788,  and  for  sixty  days,  #19,547,280.  At 
3%  this  is  the  Interest  on  a  capital  of  8651,576,000.  The  result  of  an  esti- 
mate on  this  basis  shows  that  Ontario  could  afford  to  Invest  $8,000  on 
every  mile  of  road  In  the  Province.  A  large  proportion  of  the  road 
mileage  Included  In  this  estimate  is  but  very  little  travelled,  and  it  Is  safe 
to  say  that  one-third  of  this  amount,  or  about  $200,000,000  —  which  Is 
approximately  the  sum  invested  In  the  steam  railways  of  the  Province  — 
would  convert  Ontario  Into  one  of  the  best  paved  countries  in  the  world. 

Further  estimates  may  be  made  with  regard  to  the  possibilities  of 
longer  hauls,  as  In  France,  where,  because  of  the  excellence  of  the  roads, 
teamsters  can  compete  with  the  railways  In  drawing  goods  several  hun- 
dred miles.  There  Is  an  additional  saving  In  the  wear  of  wagons,  har- 
ness and  horse-flesh  which,  trifling  in  appearance,  is,  in  the  aggregate, 
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no  small  amount.  In  this  it  has  been  estimated  that  the  life  of  a  horse 
would,  by  means  of  good  roads,  and  consequently  less  overwork,  be  ex- 
tended by  a  year  —  a  very  doubtful  assumption. 

A  further  division  under  which  the  financial  returns  to  the  farmer  are 
to  be  considered,  is  the  increased  value  of  farm  property.  This  increase 
in  the  value  of  farm  property  arises  in  the  first  instance  from  the  greater 
profits  accruing  from  farm  property  as  the  result  of  the  saving  in  the 
cost  of  transporting  farm  produce.  There  are  two  ways  of  rendering 
any  business  more  profitable.  One  is  by  increiising  the  price  obtainable 
for  the  article  produced;  the  other  is  by  decreasing  the  cost  of  produc- 
tion. Cheaper  transportation  by  means  of  good.roads,  means  in  efiect  that 
the  decreased  cost  of  production  and  consequent  increase  of  profit  will 
guarantee  a  larger  and  readier  Investment  In  the  farm. 

The  valne  of  the  farm  is  further  enhanced  by  the  increased  opportuni- 
ties that  arise  through  good  roads.  The  farmer  is  not  impeded  at  any 
season  of  the  year  in  the  sale  of  his  produce  and  can  in  consequence  reach 
the  market  when  prices  are  highest.  Good  roads  create  a  market  for  per- 
ishable produce,  fruit,  certain  vegetables,  milk,  which,  if  it  cannot  be 
taken  to  the  consumer  in  the  town  or  city  with  the  least  possible  delay,  is 
unsalable  or  can  be  disposed  of  only  at  a  reduced  price.  Good  roads  bring 
farm  lands,  ten,  twenty,  forty  miles  away,  into  available  distance  of  a 
city  market;  whereas,  on  the  other  hand,  one  mile  of  really  bad  road  may 
render  otherwise  fertile  land  useless.  Distance  with  respect  to  the  far- 
mer and  the  market  is  not  measured  by  miles  so  much  as  by  the  time  and 
labor  it  takes  to  transport  his  produce. 

Among  other  branches  of  agriculture  which  demand  good  roads,  dairy- 
ing may  be  pointed  to  as  a  specific  instance.  Cheesemakers  tell  us  that, 
in  order  to  secure  the  best  quality  of  cheese,  the  milk  should  be  trans- 
ferred to  the  factory  as  quickly  as  possible,  with  the  least  possible  amount 
of  jolting,  and  that  the  cheese  should  be  manufactured  in  large  quantities. 
The  efi'ect  of  changing  the  roads  from  bad  to  good  in  a  dairying  district 
is  at  once  plain.  The  milk  is  carried  over  smooth  roads  expeditiously 
from  the  dairy  to  the  factory,  with  the  least  possible  exposure  to  the  sun, 
and  least  amount  of  churning  in  transit.  The  milk  can  be  drawn  from  a 
larger  area,  the  cheese  made  in  larger  quantities,  factories  fewer  but  larger 
and  manufacturing  expenses  thereby  reduced,  while  a  more  uniform  qual- 
ity of  cheese  is  produced.  An  an  illustration  of  this,  and  one  which  is 
directly  in  point,  I  would  refer  to  the  largest  creamery  in  the  world  at 
St.  Albans,  Vt.  St.  Albans  is  a  railway  centre,  and  because  of  this  the 
creamery  was  located  there  in  order  that  the  milk  could  be  brought  hun- 
dreds of  miles  bv  rail.  By  manufacturing  in  large  quantities  they  can 
aflbrd  to  pay  the  cost  of  railway  transportation  and  still  realize  a  profit. 
Railways  are  merely  smooth,  hard  roads  with  easy  grades,  making  car- 
riage cheap ;  and  what  railways  have  done  for  the  creamery  in  St.  Albans, 
good  roads  would  do  on  a  smaller  scale  for  each  creamery  and  cheese  fac- 
tory. 

The  value  of  farm  land  is  further  increased  by  the  social  privileges 
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which  good  roads  bring.  One  of  the  great  drawbacks  of  country  life  la 
its  isolation.'  Man  is  a  social  animal,  and  without  the  privilege  of  meet- 
ing his  fellows,  he  cannot  attain  his  highest  development.  In  spite  of  the 
healthful  surroundings  of  farm  life,  its  pure  air,  its  abundance  of  the  best 
and  purest  of  foods,  statistics  show  that  the  insane  asylums  contain  a 
greater  proportion  of  farmers*  wives  than  of  any  other  class  of  the  com- 
munity. The  cause  assigned  is  the  monotony  to  which  they  are  sub- 
jected, the  absence  or  all  stimulant  to  thought  and  lively  interest  such  as 
society  creates.  Why  it  should  be  the  farmer's  wife  rather  than  the  far- 
mer is  of  course  to  be  attributed  to  the  lesser  strength  of  constitution 
which  the  woman  possesses,  the  nature  of  her  work  whicli  is  so  largely 
indoors,  and  further  the  fact  that  the  roan  has,  in  marketing  his  produce, 
more  frequent  journeys  to  the  neighbor  or  town.  Good  roads  bring  the 
farmer  and  his  family  nearer  to  the  neighbor,  to  the  town,  the  school, 
the  church  and  the  public  meeting. 

The  value  of  the  farm  is  increased  by  increasing  the  attractions  of 
country  life,  and  encouraging  a  greater  liking  for  it  To-dny  the  tide  is 
from  the  country  to  the  city.  Were  country  life  what  it  can  he  made  by 
means  of  easy  access  and  communication,  the  tendency  would  be  to  draw 
the  city  folk  to  the  country.  In  England,  a  country  house  is  as  necessary 
to  every  man  of  means  as  is  his  town  house.  The  beautiful  country-side 
of  England  is  its  greatest  charm :  it  is  beloved  by  the  people  and  has  done 
much  to  install  that  patriotic  affection  which  every  Englishman  and  Scotch- 
man has  for  the  motherland.  Cuba  is  lost  to  Spain  because  she  did  not 
join  the  good  roads  movement. 

To  the  townspeople,  good  roads  have  a  distinct  economic  value.  Good 
roads  arc  of  vast  benefit  to  commerce.  Agriculture  is  the  foundation  of 
a  large  proportion  of  the  trade  of  this  country.  As  agriculture  reappears, 
so  will  business  prosper.  Better  home  markets  and  better  foreign  mar- 
kets for  the  farmer  will  bring  more  money  into  the  country.  This  means 
increased  sales  for  the  merciiant  and  a  greater  demand  on  the  manufac- 
turer. Bad  roads,  besides  the  retarding  influence  on  the  country  by  less- 
ening its  ability  to  compete  in  foreign  markets,  cause  produce  to  be 
marketed,  not  as  the  demand  or  prices  require,  but  as  the  roads  will  per- 
mit. The  result  is  that  the  market  is  alternately  glutted  or  starved ;  there 
is  either  unnatural  excitement  or  depression.  The  stores  are  either  de- 
serted, or  extra  clerks  have  to  be  employed.  Railways  either  cannot  pro- 
vide cars  to  move  the  contents  of  their  granaries,  or  else  their  cars  and 
their  crews  are  in  idleness.  Such  fluctuations  cannot  but  be  hurtful. 
Trade  is  sensitive  and  is  easily  deranged.  When  farmers  can  market 
their  produce  easily  and  regularly  they  have  money  with  which  to  enable 
the  merchant  to  turn  over  his  stock  and  meet  liis  obligations  at  the  bank. 
The  banks  are  thereby  enabled  to  do  business  to  $;reater  advantage,  and 
the  whole  machinery  of  commerce  nwves  with  less  friction,  less  useless 
expenditure  of  energy.  Tlie  stringency  which  so  often  takes  place  in  the 
wet  seasons  as  the  result  of  bad  roads ;  the  bad  roads  of  Christmas  time 
which  so  often  bring  disappointment  to  the  merchant ;  the  resulting  fail- 
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nres  which  act  and  react  on  all  classes  of  society  are  of  well-known  oc- 
currence. The  condition  of  the  roads  Is  a  matter  of  frequent  comment  In 
commercial  reports  and  is  one  of  the  most  potent  factors  influencing  the 
barometer  of  trade. 

Then,  too,  just  as  the  turning  of  the  townspeople  from  the  city  to  the 
country  Is  of  benefit  to  the  country,  so  it  is  of  benefit  to  the  town  that 
its  inhabitants  should  not  cluster  into  the  least  possible  space.  By  means 
of  good  roads,  the  business  man  can  live  In  the  country  and  each  day  go 
into  the  city  or  town  to  transact  his  aflflairs.  ile  and  his  family  can  there- 
by Inhale  a  purer  moral  atmosphere  as  well  ns  a  purer  air,  largely  oxygen 
and  ozone.  He  can  surround  himself  with  better  sanitary  conditions  and 
live  more  nearly  In  accord  with  Nature's  laws. 

While  the  returns  from  good  roads  cannot  be  reduced  to  dollars  and  cents 
with  any  degree  of  accuracy,  the  cost  of  road  construction  and  repair  is  a 
matter  of  mathematical  solution.  We  can  tell  to  within  a  few  dollars  what 
certain  work  on  a  road  will  cost,  but  It  is  not  possible  to  tell  exactly  what 
the  profit  on  the  Investment  will  be.  From  what  has  been  previously  out- 
lined, the  profits  arising  are,  however,  plainly  very  great  to  the  country 
folk,  the  townspeople  and  the  state  as  a  whole.  Great  Britain  .spends 
twenty-five  million  dollars  a  year  on  roads,  France  almost  twenty  millions. 
These  are  both  countries  of  good  roads,  both  countries  of  the  finest  busi- 
ness instinct.  The  object  would  appear  to  be  to  provide  good  roads  at 
any  price.  The  United  States  and  Canada  are  each  spending  considerable 
sums  on  roads  —  on  bad  roads.  Of  course  there  must  be  som6  exception 
made  In  favor  of  a  few  states,  notably  Massachusetts  which  Is  everywhere 
quot-ed  as  the  foremost  state  in  this  most  laudable  enterprise. 

There  Is  a  most  Important  feature  of  roadmaklng  which  must  not  be 
overlooked.  The  road  must  not  merely  be  a  good  road  with  respect  to 
actual  construction,  but  it  must  be  good  in  view  of  the  service  it  will  ren- 
der and  the  cost.  A  road  must  be  looked  at  In  the  same  way  as  any  other 
Investment  —  with  a  view  to  the  profits.  It  was  in  this  respect  that  the 
Romans  failed.  Some  of  their  roads  are  still  In  use,  after  nearly  two  thou- 
sand years  of  service.  They  were  strong  and  durable,  but  built  at  such 
a  prodigal  expenditure  as  no  nation  could  afibrd  —  a  prodigality  which  be- 
came characteristic  and  eventually  resulted  in  the  decay  of  the  Empire. 
If  we  are  to  receive  the  greatest  benefit  from  good  roads,  we  must  care- 
fully weigh  the  service  they  will  render  with  the  cost,  keeping  the  balance 
*as  much  in  favor  of  the  former  as  possible.  In  England,  in  France,  in 
Germany,  in  some  sections  of  Canada  and  the  United  States  where  popu- 
lation Is  concentrated  and  largely  urban,  the  limit  of  expenditure  on  the 
best  of  Telford  and  macadam  roads  can  be  reached.  The  greater  part  of 
this  continent,  however,  Is*  sparsely  settled,  and  there  Is  as  great,  perhaps 
greater,  nded  of  farm  roads  adapted  to  simple  requirements  and  circum- 
stances and  costing  $1000  or  less  a  mile,  as  there  is  for  roads  costing 
910,000  a  mile.  In  the  building  of  the  cheaper  class  of  roads,  there  Is 
need  of  the  greatest  skill,  for  If  the  expenditure  available  is  small,  there 
is  the  more  need  to  apply  it  carefully. 
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Who  should  pay  for  country  roads?  Should  the  whole  cost  rest  on  the 
farmer  whose  property  is  reached  by  the  roads?  Or  should  the  towns 
and  cities  pay  a  portion?  Should  road  construction  be  performed  at  the 
expense  of  the  local  municipality,  or  should  the  state  participate? 

The  last  mentioned  alternative,  state  aid,  is  commonly  adopted,  and  is 
the  means  whereby  towns  and  cities,  all  classes  of  people,  assist  in  pay- 
ing the  cost  of  road  construction.  Towns  and  cities  are  obviously  bene- 
fited by  country  roads.  Without  roads,  towns  aud  cities  could  not  exist. 
Being  benefited,  there  is  no  reason  why  towns  and  cities  should  not  assist 
in  meeting  the  cost. 

There  are  other  reasons  why  state  aid  meets  with  approval.  It  appears 
to  be  the  only  means  whereby  roads  of  a  better  class  can  be  built.  They 
are  the  best  of  means  in  educating  the  public  with  regard  to  the  value  of 
roads.  Good  roads  are  their  own  best  advocates.  Not  only  do  they  edu- 
cate as  to  the  value  of  roads,  but  they  instruct  and  are  object  lessons  in 
the  best  principles  of  road  making,  and  thereby  assist  in  improving  the 
roads  which  remain  under  the  exclusive  control  ot  local  councils. 

The  difficulty  of  arriving  at  exact  conclusions  with  regard  to  the  eco- 
nomic value  of  good  roads,  because  of  the  absence  of  complete  and  reli- 
able data,  has  been  commented  upon.  There  are  additional  impediments 
to  our  reaching  a  complete  solution  in  the  fact  that  the  difTerent  benefits 
of  good  roods  will  combine,  act  and  react  upon  one  another  so  as  materi- 
ally to  alter  relative  conditions.  Ease  of  traction,  longer  hauls,  more 
rapid  travel,  fewer  horses,  saving  in  wagons,  harness  and  horse-flesh; 
increased  rural  population,  less  congestion  in  the  cities,  increased  land 
values,  greater  profits  on  the  farm ;  better  business  and  soclai  facilities,— 
will  all  unite  toward  the  one  end  in  enabling  us  to  live  well  and  more 
wisely.  The  people  of  the  American  continent  have,  to  an  abnormal  ex- 
tent, turned  for  their  ideals  to  city  life.  The  greatest  ultimate  benefit 
which  good  roads  can  confer  is  to  bring  us  back  from  the  towns  which 
men  have  made,  where  brick  walls,  stone  pavements,  and  odors  of  filth, 
have  shut  out  remembrance  of  field,  forest,  stream,  sky,  and  Nature's  God 
— this  is  the  most  desirable  of  economic  results. 


A  8UFFICIKNT  SOCIAL  PRiNCiPLB.    By  Rcv.  Charlrs  A.  Eaton,  Torouto^ 
Canada. 

Social  and  political  science  exist  for  the  alleviation  and  advancementof 
mankind.  Social  thought  at  present  confused  and  contradictory.  The 
need  is  to  discover  the  all-embracing  principle  upon  which  modem  society 
is  founded  and  to  present  another  principle  great  enough  to  ta&e  its  place, 

1.  Ihings  first  is  the  principle  now  obtaining  as  basis  and  standard  of 
organized  society.  Illustrations  and  instances  in  proof  from  industrial  and 
social  life  of  America,  England  and  Germany.  The  sad  condition  of  men, 
who  are  fifty  years  of  age,  in  many  callings.    The  preponderance  of  prop- 
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erty  over  manhood  as  the  object  of  legislation.    The  existence  of  monop- 
olies for  private  profit  primarily  rather  than  public  service. 

2.  Things  first  Is  provlnjr  Itself  unequal  to  the  task  of  further  support- 
ing human  society.  Negative  evidence —increasing  difficulty  of  living; 
competition  run  mad;  literature  and  art  degraded  to  a  money-making 
trade;  journalism  a  commercial  venture;  all  renlms  of  life  commer- 
cialized. Positive  evidence  —  attempts  to  counteract  evils  by  various 
philanthropies:  free  education;  chans^ed  attitude  of  the  church;  multi- 
plicity of  reforms ;  organization  of  labor. 

3.  Manhood  first,  the  principle  sufficient  for  tlie  foimdatloning  of  so- 
ciety. Theoretically  this  is  the  dominaut  principle  now  in  religicm  and 
education. 

This  princlitle  applied  as  a  working  hypothesis  to  thn  slums,  to  educa- 
tion, to  the  unemployed,  to  legislation,  to  industrial  organization,  to  inven- 
tions, to  art  and  literature. 

4.  *'  Manhood  first,"  declared  by  revelation  and  science  to  be  the  nat- 
ural order. 

5.  Objections  considered. 

In  order  to  become  supreme,  this  principle  must  be  energized  by  life. 
In  all  real  progress  conscience  is  the  Instrument  and  the  energy  is  moral 
and  spiritual.  We  need  to  reexamine  the  primal  forces  of  our  social  or- 
ganism. 

A  CATALOGUE  OF  SCIENTIFIC  AND  TECHNICAL  PKKIODICALS,  1665-1895.      By 

H.  Carrington  Bolton,  Ph.D.,  Washington,  I).  C. 

[This  work,  which  was  read  by  title  only,  was  published  by  the  Smith- 
sonian Institution  in  1898  as  No.  1076  in  Its  Miscellaneous  Collections.] 


The  titles  of  the  following  papers  were  presented  but  the  papers  were 
not  read. 

The  formative  period  ok  a  great  city:  a  study  op  gheatkr  New 
YoMC.     By  William  H.  Hale,  Brooklyn,  N.  Y. 


On  the  United  States'  alleged  policy  of  imperialism,  so  callkd,  and 
in   connection  therewith,   some  reasons  for  and  against  tub 

PR0P08KD  ANGLO-SAXON  ALLIANCE.      By  W.  LaNE  O'NeILL,  NcW  York, 

N.Y. 


The  TRANSPORTATION  PROBLEM.      \*»J  JOHN  S.    WiLLISON.  TorontO,  Out. 


The  GOLD   STANDARD  AND  THR    UNEMPLOYED.      By    CHARLES    B.    SpaHR, 

New  York,  N.  Y. 
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The  study  of  poutical  economy  in  Canada.    By  8.  Morlky  Wickett, 
Ph.D.,  Toronto  University,  Toronto,  Ont. 


The   agricultural  statistics   of  Ontario.    By  Charles  C.   Jambs, 
Deputy  Minister  of  Agricoltnre,  Toronto,  Ont. 


Canadian  forests  and  thk  paper  industry.    By  Thomas  Southworth, 
Clerk  of  Forestry,  Toronto,  Ont. 
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AN  ACCOUNT  OF  SUCH  FEATURES  OF  THE  FIFTIETH 

ANNIVERSARY  MEETING  AS  ARE  NOT  INCLUDED 

IN  THE  REPORTS  OF  OFFICERS. 


As  was  foreshadowed  by  the  anusual  character  of  the  invitations 
to  the  Association  to  hold  its  Fiftieth  Anniversary  Meeting  at  Bos- 
ton, both  on  account  of  their  extreme  cordiality  and  from  the  fact 
that  they  came  from  so  many  high  sources,  including  the  Governor 
of  the  Commonwealth  of  Massachusetts,  the  Mayor  of  the  City  of 
Boston,  the  Presidents  of  Harvard  University,  Massachusetts  In- 
stitute of  Technology,  Boston  University,  Tufts  College,  the  Bos- 
ton Society  of  Natural  History,  the  Massachusetts  Horticultural 
Society,  the  Appalachian  Mountain  Club,  the  American  Academy 
of  Arts  and  Sciences,  and  the  Essex  Institute,  no  effort  was 
spared  to  make  this  anniversary  meeting  a  perfect  success. 

The  Local  Committee,  which  was  promptly  formed,  included 
many  persons  prominent  in  science,  literature,  and  educational 
affairs,  and  was  not  confined  to  residents  of  the  City  of  Boston, 
but  included  the  Presidents  of  Radcliffe  College,  Williams  College, 
Amherst  College,  Massachusetts  State  Agricultural  College,  Clark 
University,  Wellesley  College,  the  College  of  the  Holy  Cross,  Mt. 
Holyoke  College,  Worcester  Polytechnic  Institute,  and  Smith  Col- 
lege, in  addition  to  the  Presidents  of  institutions  named  among 
those  sending  invitations.  The  preparations  made  by  this  Local 
Committee  were  undertaken  on  a  scale  suitable  to  the  character  of 
the  occasion  and  probably  not  before  equalled  in  the  history  of  the 
Association. 

The  meetings  were  held  in  the  buildings  of  the  Massachusetts 
Institute  of  Technology,  in  the  Lecture  Room  of  the  Boston 
Society  of  Natural  History,  and  in  the  building  of  the  Harvard 
Medical  College,  the  general  sessions  being  held  in  Huntington 
Hall. 
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Handbooks  and  guide  books  of  an  elaborate  nature  had  been 
prepared  and  were  placed  at  the  disposal  of  the  Association. 
These  included  a  Handbook  of  the  Scientific  Institutions  of  Bos- 
ton, a  Guidebook  to  Harvard  University,  and  a  Guide  to  localities 
illustrating  the  Geology,  Marine  Zoology  and  Botany  of  the  vicin- 
ity of  Boston. 

The  program  of  excursions  was  an  exceptionally  fine  one,  in- 
cluding trips  to  the  Middlesex  Fells,  to  Salem,  to  Boston  Harbor, 
to  Marblehead,  Nahant  and  Cape  Ann,  to  the  Metropolitan  Water 
Works  at  Clinton,  to  the  Arnold  Arboretum,  to  the  Blue  Hill 
Meteorological  Observatory,  to  Wellesley  College,  and  to  Lexing- 
ton and  Concord.  Excursions  at  the  conclusion  of  the  meeting 
were  offered  by  the  Local  Committee  to  the  White  Mountains,  to 
Plymoutli,  to  Provincetown,  to  Woods  Holl,  to  Newport,  and  to 
the  Lawrence  Experiment  Station. 

The  social  features  of  the  week  included  general  receptions  by 
the  Trustees  and  OfiScers  of  the  Boston  Museum  of  Fine  Arts,  by 
the  Trustees  and  Officers  of  the  Boston  Public  Library,  by  Gov- 
ernor and  Mrs.  Roger  Wolcott,  by  Mrs.  W.  B.  Refers,  by  Mrs. 
John  C.  Phillips,  and  by  Mr.  and  Mre.  John  L.  Gardiner.  Mayor 
Josiah  Quincy  also  gave  a  dinner  to  the  principal  officers  and  guests 
of  the  Association  at  the  Union  Club.  Several  of  the  Boston  Clubs 
including  the  St.  Botolph  Club,  the  Algonquin  Club  and  the  Tech- 
nology Club  were  thrown  open  to  members  of  the  Association  and 
the  meetings  of  the  Council  were  held  in  the  rooms  of  the  last- 
named  organization. 

The  proceedings  of  the  opening  and  closing  sessions  of  the 
Association,  including  the  addresses  by  Governor  Wolcott,  Mayor 
Quincy,  and  President  Crafts,  are  given  in  the  detailed  report  of 
the  General  Secretary  which  follows,  and  the  details  of  attend- 
ance and  the  work  of  the  Sections  follow  in  the  report  of  the 
Permanent  Secretary.  Two  of  the  especially  notable  features  of 
the  meeting,  however,  Salem  Day  and  Cambridge  Day,  are  not 
noticed  in  these  reports  and  deserve  especial  mention  here. 

SALEM   DAT. 

In  accordance  with  the  plans  of  the  Local  Committee,  made  in 
consultation  with  the  President-elect  of  the  Association,  Wednes- 
day, August  24,  was  set  aside  as  '*  Salem  Day."    A  special  Salem 
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Committee  was  organized  under  the  chairmanship  of  Hon.  Robert 
S.  Rantoul,  with  Mr.  Henry  M.  Batchelcier  as  Secretary.  The 
members  of  the  Association  reached.  Salem  both  by  boat  and  by 
train  on  the  morning  of  the  24th  and  assembled  in  the  pavilion  at 
the  Salem  Willows  where  addresses  were  made  by  President  Ran- 
toul of  the  Essex  Institute,  Ex- President  E.  S.  Morse  of  the  As- 
sociation and  Mayor  Waters  of  Salem. 

President  RantouFs  address  was  cordial  in  the  extreme  and  at 
times  humorous,  somewhat  at  the  expense  of  other  places.  He 
said  he  was  not  going  to  welcome  the  Association  to  Salem,  for  a 
gathering  of  i)eople  who  had,  during  the  waking  hours  of  three 
mortal  days,  heard  nothing  but  welcomes  from  everybody  they  had 
come  in  sight  of  from  His  Excellency  down,  must  be  welcomed 
enough  and  be  eager  for  some  other  diet. 

When  our  eloquent  executive,  said  tlie  speaker,  welcomed  you  to 
Massachusetts  he  welcomed  you  to  Salem,  for  Salem  was  the  begin- 
ning of  Massachusetts,  and  there  were  years  when  one  might  almost 
say  that  the  Massachusetts  Bay  Colony  was  Salem.  We  are  older 
than  Bobton,  and  naturally  in  many  things  ahead  of  Boston.  Our 
friends  at  Boston  are  just  now  indulging  themselves  in  a  good  deal 
of  jubilation  over  a  certain  subway  which  they  seem  to  have  just 
completed,  and  whicli  they  seem  to  regard  as  a  signal  triumph  of 
their  engineering  genius.  But,  my  friends,  said  the  speaker,  for 
sixty  years  past  it  has  been  impossible  to  get  out  of  Salem  by  rail 
to  the  eastward  without  passing  through  a  subway  successfully 
operated  all  these  years  under  the  very  heart  of  the  city.  So  in 
other  matters.  Our  Boston  friends  will  give  you  to  understand 
that  they  had  more  or  less  to  do  with  bringing  on  the  Revolution, 
and  will  tell  you  a  good  deal  about  the  breaking  up  of  Boston  town 
meetings  by  British  authority,  and  about  Lexington  and  Concord 
and  Bunker  Hill  and  John  Hancock  and  Samuel  Adams.  This  is 
all  very  well :  it  pleases  them  and  does  no  harm  to  anybody.  But 
Mr.  Webster,  in  his  immortal  oration  on  the  death  of  Adams  and 
Jefferson,  says  that  the  vote  which  cut  Massachusetts  adrift  from 
the  home  government  was  passed  at  Salem  town  house  just  a  year 
to  a  day  before  Bunker  Hill.  And  it  happens  that,  only  two 
months  later, —  a  good  many  months  before  any  Boston  town 
meeting  had  been  interfered  with  by  British  authority.  Gage 
marched  his  Fifty-ninth  regiment  up  to  town  from  their  camp  on 


Digitized  by 


Google 


584  FEATURES   OF   THE    FIFTIETH    ANMIVERSART   MEETING 

this  very  Salem  neck,  in  an  abortive  attempt  to  disperse  with 
bayonet  and  powder  and  ball  a  Salem  town  meeting.  Timothy 
Pickering  had  proved  as  intractable  as  Samuel  Adams. 

And  let  me  say  in  this  connection  that  while  the  British  carried 
their  point  at  Lexington  and  Concord  and  captured  Bunker  Hill, 
in  each  case  accomplishing  what  they  were  sent  foi*th  to  do,  they 
had  planned  in  February,  four  months  before  Bunker  Hill — two 
months  before  Lexington  and  Concord  —  just  such  a  raid  on  Sa- 
lem, and  had  come  to  Salem  on  that  errand,  with  the  Sixty-fourth 
regiment  stealthily  embarked  from  Boston  Harbor,  but  after  a  little 
parley  with  some  of  our  old  sea-dogs,  they  concluded  to  return  to 
Boston  without  the  guns  they  were  sent  to  capture  and  reported 
to  Gage  that  those  Salem  folk  were  too  much  for  them,  and  that 
they  had  accomplished  nothing. 

Professor  Morse  spoke  delightfully  of  the  former  visits  of  the 
Association  to  Salem — the  first  in  1869,  when  it  paascd  a  week 
here,  and  next  in  1880  when  it  visited  Salem  for  a  day  and  dined 
at  Kcrnwood.  His  remarks  called  up  pleasant  memories  to  many 
who  had  been  present  on  one  or  both  of  those  occasions.  Mayor 
Waters  gracefully  extended  the  hospitality  of  the  ancient  borough. 

A  luncheon  in  the  adjoining  pavilion  followed.  The  menn  was 
printed  In  what  may  be  termed  zoological  and  botanical  Latin 
and  was  the  source  of  much  amusement.  After  the  luncheon  the 
members  in  attendance  divided  into  groups  and  under  the  guidance 
of  sections  of  a  large  local  committee  of  the  Essex  Institute  and 
Peabody  Academy  of  Science,  visited  different  points  of  Interest 
In  accordance  with  a  printed  itinerary  furnished  by  the  local  com- 
mittee. The  main  headings  of  the  Itinerary  included  educational 
institutions,  points  of  geological  interest,  colonial  architecture, 
old  cemeteries,  points  of  interest  In  connection  with  the  history 
of  witchcraft  in  New  England,  the  City  Hall,  North  Bridge  and 
points  connected  with  Hawthorne's  life  in  Salem. 

The  Essex  Institute  had  just  commemorated  its  first  half-cen- 
tury and  the  fiftieth  aniversarles  of  the  two  associations  thus  coin- 
cided. The  Institute,  therefore,  extended  an  especial  welcome  to 
the  Association  and  a  committee  of  ladles  was  In  attendance  at  the 
rooms  of  this  old  and  important  organization  to  entertain  visiting 
members  of  the  Association.  At  four  o'clock  the  steamer  returned 
to  Boston  where  the  Association  reunited  in  the  evening  to  listen 
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to  illustrated  lectures  on  the  Metropolitan  Water  Supply  by  the 
Hon.  Henry  H.  Sprague,  and  on  Transit  in  Boston,  by  the  Hon. 
Geo.  H.  Crocker. 

CAMBRIDGE    DAY. 

By  invitation  of  the  President  and  Fellows  of  Harvard  Univer- 
sity the  Association  was  the  guest  of  Harvard  University  on 
Friday,  August  26,  which  was  designated  in  the  programs  as 
'•Cambridge  Day."  A  committee  to  welcome  the  Association, 
composed  of  members  of  the  faculty  and  ladies,  was  arranged  by 
President  Eliot.  All  departments  of  Harvard  University  were 
thrown  open  for  inspection  and  the  oflScers  of  the  University  were 
present  at  the  different  laboratories  and  museum  to  jjive  special 
explanations.  As  above  indicated  an  elaborate  and  beautifully 
illustrated  guide  book  of  the  University  had  been  prepared  b}-  a 
committee  of  the  Faculty  for  the  use  of  members  of  the  Associa- 
tion. Section  H  held  a  largely  attended  meeting  in  the  Peabody 
Museum.  Section  G  was  given  a  special  exhibition  in  the  Depart- 
ment of  Botany.  The  visits  to  the  different  departments  of  the 
University  began  at  10  :80  in  the  morning  and  at  12  :30  luncheon 
was  served  in  Memorial  Hall.  Restricted  receptions  were  given 
by  several  of  the  officers  of  the  University,  among  which  may  be 
mentioned  a  tea  by  Professor  Farlow,  Vice-president  and  Chair- 
man of  Section  G.  A  general  tea  was  given  by  the  corporation  of 
the  University  in  Memorial  Hall  at  6  o'clock.  In  the  evening,  the 
Association  assembled  at  Sanders  Theatre  together  with  many 
prominent  citizens  of  Cambridge  and  Boston.  The  President  of 
the  Association,  Professor  Putnam,  presided,  and  introduced  Pres- 
ident Eliot,  of  Harvard  University,  who  delivered  the  address 
whfch  follows  under  a  separate  heading.  This  address  was  one 
of  so  great  importance  and  such  widespread  interest  that  the 
Council  of  the  Association,  by  special  resolution,  requested  of 
President  Eliot  permission  to  publish  it  in  full. 

The  meeting,  as  a  whole,  was  thus  a  memorable  one  and  fitly 
marked  the  fiftieth  anniversary  of  the  founding  of  the  Associa- 
tion. Probably  no  other  meeting,  certainly  none  within  the  recol- 
lection of  the  writer,  has  been  so  notable  in  the  attendance  of  so 
many  of  the  older  and  more  prominent  scientific  men  of  the  United 
States.     No  less  than  nine  past  presidents  of  the  Association  took 
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part  in  the  discassions  of  the  week,  and  it  is  a  remarkable  fact  that 
the  distinguished  man  who  presided,  Prof.  Wolcott  Gibbs,  was  one 
of  the  five  survivors  of  the  group  of  scientific  men  who  founded 
the  Association  fifty  years  ago.  A  painful  fact  connected  with  the 
meeting,  which  deserves  especial  mention  here,  is  that  Prof.  James 
Hall  of  Albany,  also  one  of  the  founders  of  the  Association,  died 
on  his  way  to  this  meeting. 

L.  O.  Howard. 
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BY 

CHARLES  W.  ELIOT, 

PRESIDENT   OF   HARVARD   UNIVERSITY. 


DESTBUCTIVE   AND    CONSTRUCTIVE  ENERGIES    OF  OUR 
GOVERNMENT  COMPARED, 


Wk  have  been  witnessing  during  the  past  five  months  an  extra- 
ordinary exhibition  of  energy  on  the  part  of  the  Government  of  the 
United  States  in  making  sudden  preparation  for  the  War  with 
Spain,  and  in  prosecuting  that  war  to  a  successful  issue.  As  men 
of  science,  or  teachers  or  promoters  of  science,  we  have  a  special 
interest  in  the  lessons  of  the  war ;  because  the  instruments  and 
means  used  in  modem  warfare  are  comparatively  recent  results  of 
scientific  investigation  and  of  science  applied  in  the  useful  arts. 
Moreover,  the  serviceable  soldier  or  sailor  is  himself  a  result,  not 
only  of  moral  inheritance  and  instruction,  but  of  training  in  the 
scientific  processes  of  exact  observation,  sure  inference,  and  accu- 
rate manipulation.  It  is  not  the  linguistic  side  of  school  training 
which  makes  the  effective  soldier  or  sailor;  it  is  the  scientific  side. 
His  vocabulary  may  be  limited  though  expressive,  and  his  grammar 
false ;  but  his  eye  must  be  true,  his  judgment  sound  and  prompt, 
and  his  hand  capable  of  using  instruments  of  precision. 

Many  suppose  that  chemistry,  mathematics,  and  physics  are  the 
only  sciences  which  have  contributed  to  the  resources  of  modern 
warfare.  This  is  far  from  the  fact.  Biological  science  is  an  im- 
portant contributor.  The  first-relief  package,  which  every  soldier 
carries,  is  crammed  with  surgical  knowledge  which  the  world  waited 
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for  till  the  last  quarter  of  the  nineteenth  century.  The  hospital 
ship  Bay  State  \s  full  of  appliances  for  the  care  of  the  sick  and 
wounded  which  are  new  within  twenty  years,  and  have  all  resulted 
from  scientific  discoveries  and  inventions  made  in  times  of  peace, 
and  for  purposes  the  opposite  of  warlike.  Physiological  science 
has  really  arrived  at  valuable  conclusions  with  regard  to  the  sol- 
dier's diet — the  indispensable  foundation  of  his  effectiveness  — 
conclusions  which  relate  to  portability,  nutritiousness,  and  adapta- 
tion to  different  climates ;  though  it  must  be  confessed  that  these 
conclusions  do  not  seem  to  have  affected  as  yet  the  practice  of  the 
United  States  Commissary  Department.*   Financial  science  is  also 

»The  ration  of  tho  United  States  soldier  Is  a  liberal  one  in  comparison  with  that  of 
other  armies;  but  if  the  Commissary  Department  avails  Itself  of  the  option  to  Issue 
pork  or  bacon,  It  Is  a  ration  ill -adapted  to  a  warm  climate.  Nevertheless,  good  cooking 
would  make  the  American  ration  an  acceptable  and  wholesome  one. 

War  Rations: 

British  soldier  in  India  :       Quantity  allowed  daily 

Meat  with  bone,   ....  16.00  ounces 

Bread, .16.00    " 

Potatoes,  ....  16.00    " 

Rice, 4.00    •* 

Sugar, 3.50    •• 

Tea, 0.71    " 

Salt, 0.«6    •• 


Total, 


65.87 


German  Soldier: 


Bread, 26.50 

Fresh  or  Raw  salt  meat,    .       -  13.25 
or   Smoked    Beef,  Mutton, 

Ham,  Bacon,  or  Sausage,  -  8.82 

Rice  or  ground  Barley,     .  4.41 

or  Peas,  Beans,  or  Flour,  8,8i 

or  Potatoes,                  -  68.00 

Salt, 0.90 

Coffee  roasted,    ....  0.90 

or  Coffee  raw,  1.00 


United  States  soldier: 

Fresh  meat, 
or  Salt  Beef, 
or  Pork  or  Bacon 

Bread  or  Flour, 

Potatoes, 

Peas  or  Beans, 

Rice,       -       . 

Sugar,     . 

Coffee  raw. 

Salt, 


20.(10 

22.00 

12.00 

18.00 

16.00 

2.40 

l.AO 

2.40 

1.90 

0.26 
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a  contributor  of  prime  importance  ;  since  success  in  war  depends 
more  and  more  on  the  command  of  money  and  credit.  To  this  war 
with  Spain  we  owe  the  most  effective  revenue  bill,  or  rather  the 
only  comprehensive  revenue  bill,  the  country  has  had  within  a 
whole  generation. 

It  cannot  be  doubted,  then,  that  the  energy  put  forth  by  our  Gov- 
ernment for  the  immeiliate  purpos*^  of  capturing  or  destroying  Span- 
ish vessels,  forts,  towns,  and  war  material,  and  incidentally  killing, 
wounding,  and  starving  Spaniards,  has  been  a  great  exhibition  of 
power  in  applied  science,  and  as  such  must  commend  itself  espec- 
ially to  the  attention  of  this  Association.  I  hear  already  a  protest 
against  the  thought  that  men  of  science  can  have  any  special  inter- 
est in  war, — war  the  supreme  savagery,  the  legalization  of  robbery 
and  murder,  the  assemblage  of  all  cruelties,  crimes,  and  horrors,  set 
up  as  an  arbiter  of  international  justice.  I  recall  the  indictment  set 
forth  by  Charles  Sumner  forty  years  ago  in  his  address  on  the  War 
System,  ^^  thaf  this  trade  of  barbarians,  this  damnable  profession, 
is  a  part  of  the  War  System,  sanctioned  by  International  Law  ;  and 
that  war  itself  is  hell,  recognized,  legalized,  established,  organized 
by  the  Commonwealth  of  Nations  for  the  determination  of  Inter- 
national questions  !"^  This  is  tlie  jurist^s  and  philanthropist's  view. 
But  the  man  of  science  lias  another  view  of  war.  He  regards  it  as 
the  worst  survival  of  savage  life,  still  occasionally  unavoidable  be- 
cause of  other  survivals  of  the  savage  state,  such  as  superstition. 


»"  •Give  them  hell,*  was  the  language  written  on  a  elate  by  a  speechless  dying  • 
American  officer.  '  Ours  Is  a  damnable  profet^sion/  was  the  confession  of  a  veteran 
British  General.  •  War  is  a  trade  of  barbarians,'  exclaimed  Napoleon  In  a  moment 
of  truthful  remorse,  prompted  by  his  bloodiest  field.  Alas!  these  words  are  not  too 
strong.  The  business  of  War  cannot  be  other  than  a  trade  of  barbarians -— a  dam- 
nable profession;  and  War  itself  is  certainly  Hell  on  earth.  But  consider  well  —  do 
not  forget—  let  the  idea  sink  deep  into  your  souls,  animating  you  to  constant  endeav- 
org — that  this  trade  of  barbarians,  this  damnable  profession,  is  apart  of  the  Warsys- 
tern,  sanctioned  by  International  Law;  and  that  War  Itself  Is  Hell,  recognized,  legal- 
ized, established,  organized  by  the  Commonwealth  of  Nations,  for  the  determination  of 
International  questions !"  (War  System  of  the  Commonwealth  of  Nations :  an  address 
by  Charles  Sumner,  before  the  American  Peace  Society,  at  its  Anniversary  In  Boston, 
May  28,  1849.  Boston:  Pratt  Brothers,  37  Comhill,  1869.  Stereotype  Edition.  In 
pursuance  of  the  above  vote  of  our  Society,  several  large  editions  were  Issued;  but, 
thinking  that  a  performance  of  such  signal  ability  ought  to  have  a  still  wider  and 
more  permanent  circulation,  we  asked  permission  to  stereotype  it.  Mr.  Sumner 
kindly  consented;  and  In  preparing  this  edition,  he  has  made  no  alteration  In  any 
principle  or  argument  from  the  original  address,  his  views,  like  our  own,  having  ex- 
perienced on  the  question  of  Peace  and  War,  no  change  from  any  events  of  the  last 
twenty  years.    Geo.  C.  Beckwith,  Corresponding  Secretary.    Boston,  Jan.,  18«9.) 


Digitized  by 


Google 


590  ADDRESS   BT 

passion  uncontrolled,  and  lust  of  wealth  and  power.  He  recog- 
nizes the  fact  that  war  makes  a  temporary  and  local  hell  on  earth, 
and  that  all  its  characteristic  activities  are  destructive ;  whereas 
all  the  normal  activities  of  a  free  government  should  be  construc- 
tive, and  intended  to  promote  the  good  of  its  citizens  and  general 
civilization  ;  but  he  does  not  accept  Sumner's  dictum  in  his  oration 
of  1846  on  *'  The  True  Grandeur  of  Nations,"  *' There  can  be  no 
war  that  is  not  dishonorable."  He  recognizes  that  occasional  war, 
and  therefore  constant  preparedness  for  war,  are. still  necessary  to 
national  security,  just  as  police,  courts,  prisons,  and  scaffolds  are 
still  indispensable  to  social  order  and  individual  freedom  in  the 
most  civilized  and  peaceful  states.  Moreover,  the  man  of  science 
perceives  that,  while  the  immediately  destructive  objects  in  war  are 
savage  and  barbarous,  the  instrumentalities  and  forces  used  in  mod- 
ern warfare  are  closely  akin  to  the  great  constructive  agencies  and 
forces  in  human  society.  The  battleship  is,  to  be  sure,  the  most 
complex  and  the  crudest  machine  yet  constructed  l)y  man ;  but  all 
its  parts,  except  its  armament  and  its  armor,  are  not  only  appli- 
cable in  works  of  peace,  but  have  actually  been  wrought  out  for 
peaceful  constructive  purposes.  The  organization  and  disciplined 
skill  which  make  possible  the  equipment  of  great  bodies  of  soldiers 
within  a  few  weeks,  and  their  transportation  to  distant  lands  with 
incredible  speed  and  safety,  are  the  same  sort  of  organization  and 
skill  needed  in  every  great  productive  industry  ;  and  the  mecliani- 
ical  and  electrical  engineers,  who  have  become  indispensable  in  war- 
fare, have  been  developed,  not  for  war,  but  for  modern  industries  and 
systems  of  transportation.  The  applications  of  Bessemer  steel  in 
war  are  not  its  primary  uses ;  its  peaceful  constructive  application^ 
give  it  its  primary  value.  The  application  of  compressed  air  for 
the  transmission  of  power  was  not  invented  for  the  dynamite  gun, 
but  for  tunnelling  and  mining.  The  ammonia  refrigerating  process 
was  not  invented  for  hospital  uses  in  war,  but  for  domestic  and 
commercial  cold  storage.  No  nation  can  now  succeed  in  war  which 
has  not  developed  in  peace  a  great  variety  of  mechanical,  chemical, 
and  biological  arts.  The  normal  activities  of  these  arts  must  and 
do  tend  to  advance  humane  civilization.  Their  application  to  the 
destructive  cruelties  of  warfare  is  abnormal.  Yet,  inasmuch  as 
they  are  applied  in  war  with  a  prodigious  energy  and  intensity, 
it  may  well  be  that  the  acute  horrors  of  even  the  shortest  war  may 
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have  a  lesson  for  the  long  normal  periods  of  peace.  The  destruc- 
tive activities  of  the  Government  of  the  United  States  are  abnormal 
and  rare ;  but  they  are  intense,  and  they  attract  in  a  l^igh  degree 
the  attention  and  interest  of  the  people.  I  therefore  wish  to  call 
your  attention  to  some  of  the  lessons  which  this  unusual  energy  of 
the  Government  in  war  suggests  in  regard  to  its  normal  activities 
in  times  of  peace. 

One  further  introductory  explanation  seems  to  be  needed  for  the 
sake  of  clearness.  There  is  a  class  of  a  priori  social  philosophers 
who  would  not  be  at  all  content  with  this  moderate  claim  that  times 
of  war  may  have  useful  lessons  for  peaceful  times ;  for  they  be- 
lieve that  the  virtues  bred  and  the  habits  established  in  war  alone 
make  possible  the  assured  progress  of  society  during  peace ;  and 
that,  therefore,  occasional  wars  are  to  be  welcomed  as  renovators 
of  society,  which  during  peace  tends  to  corruption,  luxury,  and 
enfeebling  vices.  Now  men  of  science,  so  far  as  I  have  observed, 
generally  think  that  this  doctrine  just  reverses  the  real  order  of 
cause  and  effect.  They  do  not  consider  the  martial  virtues  — 
courage,  endurance,  loyalty,  and  the  willingness  to  subordinate 
self-interest  to  the  interest  of  clan,  tribe,  or  nation  —  to  be  the 
supreme  and  ultimate  objects  towards  which  the  human  race  must 
struggle  on.  They  regard  these  virtues  as  the  elementary,  funda- 
mental, preliminary  viitues,  which  can  be  cultivated  in  man's  sav- 
age state,  and  so  become  the  stepping-stones  of  his  moral  advance  ; 
but  they  know,  on  the  demonstrative  evidence  of  both  history  and 
natural  history,  that  these  virtues  may  coexist  with  cruelty,  rapac- 
ity, and  lust,  and  an  almost  complete  indifference  to  both  truth  and 
justice.  Civilization,  in  their  eyes,  means  the  adding  of  justice, 
truth,  and  gentleness  to  the  martial  virtues,  an  addition  which  does 
not  necessarily  involve  any  countervailing  subtraction.  The  civil- 
ized man  should  be  as  brave,  enduring,  self-sacrificing,  and  loyal 
as  the  savage,  and  should  also  be  just,  truthful,  magnanimous,  and 
gentle.  The  warlike  virtues  are  those  of  the  hunter,  and  war  is  a 
chase  with  man  the  prey ;  but  as  man  rises  in  the  scale  of  civiliza- 
tion, he  is  less  and  less  the  nomad  and  the  hunter.  Truly,  it  is  not 
war  which  prepares  men  for  worthy  and  successful  lives  in  times  of 
peace.  On  the  contrary,  it  is  worthy  life  in  time  of  peace  on  the 
part  of  individual  men  or  a  nation  of  men,  which  prepares  for  suc- 
cess in  war ;  and  this  principle  is  quite  as  true  of  men  in  the  sav- 
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age  state  as  in  the  civilized.  The  winning  tribe  in  savage  warfare 
is  that  which  in  peace  lives  habitually  a  simple,  hardy,  robust  life, 
loves  the  chase  and  daring  sports,  travels  fast  and  far  afoot,  and 
subsists  at  need  on  what  it  can  find  on  the  way,  or  carry  with  it 
in  the  rudest  methods.  In  civilized  warfare,  that  nation  will  be 
successful  which  produces  plenty  of  healthy,  vigorous,  intelligent 
men,  who  have  added  to  the  ancient  martial  virtues  a  moral  quality 
which  free  institutions  can  best  develop,  namely  —  individual  ini- 
tiative and  self-reliance  —  and  have  acquired  skill  in  a  great  variety 
of  useful  arts.  Do  we  not  all  believe  that  the  normal  activities  of 
peace  under  free  institutions  are  the  best  possible,  though  not  the 
only  necessai-y,  preparation  for  inevitable  war,  and  thai  such  nor- 
mal activities  of  the  nation  never  need  to  be  purified  or  uplifted  by 
avoidable  war?  Nevertheless,  we  may  also  believe  that  some 
lessons  for  times  of  peace  can  be  drawn  from  the  prodigiously 
stimulated  activity  of  the  Government  and  the  sacrifices  of  the 
people  in  time  of  war. 

The  first  important  inference  which  may  be  drawn  from  the  ex- 
perience of  our  Government  and  people  during  the  past  five  months 
is  anthropological  —  it  is  the  permanence  of  the  martial  virtues 
and  their  commonness.  In  any  vigorous  race  these  virtues  may 
fairly  be  called  inextinguishable.  A  whole  generation  has  passed 
since  this  country  has  been  at  war,  just  as  a  whole  generation 
passed  between  the  war  of  1812  and  the  Mexican  War;  and  yet 
courage,  endurance,  and  patience  were  promptly  exhibited  by  hun- 
dreds of  thousands  of  our  young  men.  The  extinction  of  the 
soldierly  qualities  is  not  at  all  to  be  feared  in  a  robust  race  in- 
habiting the  temperate  zone,  which  cultivates  manly  sports,  and 
pursues  on  land  and  sea  all  the  occupations  which  require  the 
maintenance  of  a  watchful  struggle  against  adverse  powers  of 
nature,  or  the  utilization  of  natural  forces  of  mysterious  and 
formidable  intensity.  Civilized  society  is  always  maintaining  a 
perilous  conflict  with  natural  forces,  which  ordinarily  serve  man's 
purposes,  but  sometimes  try  to  overwhelm  him.  Fire,  the  greatest 
of  man's  inventions,  and  his  humblest  servant,  suddenly  breaks 
out  into  destructive  fury ;  wind  ordinarily  fills  his  sails,  turns  his 
mills,  and  refreshes  the  atmosphere  of  his  cities,  but  now  and  then 
in  spots  sweeps  from  the  surface  of  the  eaith  and  sea  all  man's 
works  —  crops,  buildings,  vehicles  and  vessels.     The  mineral  oil 
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which  every  night  lights  so  brilliantly  the  humblest  homes  in  every 
clime  occasionally  kills  the  ignorant  or  careless  user,  or  sets  a 
huge  city  in  flames.  Any  single-minded  worm  or  insect  will  be 
too  much  for  man,  unless  man  knows  how  to  set  some  other  crea- 
ture of  one  idea  at  destroying  the  first  invader.  How  small  is  the 
range  of  the  thermometer  within  which  man  can  live  with  comfort 
or  even  safety !  A  change  of  a  few  degrees  below  or  above  the 
normal  range  sets  him  fighting  for  his  life.  This  conflict  with  ex- 
ternal nature  is  the  great  school  of  mankind  in  courage,  persistence, 
patience,  and  forethought ;  and  mankind  never  needs  any  other. 
The  professional  soldier  may  be  softened,  and  perhaps  corrupted, 
by  a  long  period  of  peace ;  for  in  peaceful  times  he  may  have  noth- 
ing to  do,  or  at  least  his  occupation  may  be  so  slight  and  dull  as 
not  to  keep  his  physical  and  mental  powers  at  full  play ;  but  a  cit- 
izen soldiery,  when  free  from  the  horrible  activities  of  war,  returns 
promptly  to  the  labors  of  peace,  and  escapes  the  dangers  to  which 
a  professional  soldiery  is  exposed.  It  is,  then,  the  regular  pur- 
suits and  habits  of  a  nation  in  times  of  peace  which  prepare  it  for 
success  in  war ;  and  not  the  virtues  bred  in  war  which  enable  it  to 
endure  peace. 

The  second  lesson  to  be  drawn  from  the  recent  experience  of 
the  nation  in  war  is  the  immense  value  of  long- prepared,  highly- 
trained  public  service.  The  instant  efficiency  of  our  navy  is  a 
striking  demonstration  of  this  principle,  which  of  course  needs  no 
enforcement  before  men  devoted  to  science ;  but  does  need  to  be 
brought  home  to  the  great  body  of  our  people.  The  war  teaches 
that  though  a  navy  can  be  extemporized  for  the  purposes  of  trans- 
port and  blockade,  for  fighting  purposes  the  trained  naval  expert 
is  the  invaluable  man,  whether  in  command  or  behind  a  gun  or  in 
the  engine  room.  The  preparedness  of  our  Regular  Army  for 
immediate  service  and  the  comparative  unreadiness  of  the  militia, 
even  in  those  states  which  have  paid  most  attention  to  volunteer 
military  organization,  enforce  the  same  lesson.  Would  that  the 
plain  teaching  of  this  short  war  in  this  regard  might  sink  into  the 
minds  of  our  people,  and  convince  them  of  the  immense  advan- 
tages they  would  derive  from  a  highly-trained,  permanent,  civil 
service  in  every  branch  of  the  public  administration ! 

Another  lesson  of  these  pregnant  months  relates  to  a  principle 
which  underlies  our  form  of  government,  yet   is  often  seen  but 
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dimly  by  portions  of  our  people.  1  refer  to  the  principle  tbat  the 
Government  of  the  United  States  should  do  nothing  which  any 
other  visible  agency  —  state,  city,  town,  corporation,  or  private 
individual  —  can  do  as  well.  This  seems  a  strange  principle  to  be 
enforced  by  the  action  of  our  Government  in  time  of  war,  since 
the  Government  has  a  monopoly  of  that  hideous  activity;  but 
this  war  has  brought  out  in  a  very  striking  way  the  fact  that,  when 
it  comes  to  the  pinch,  the  source  of  victory  is  in  the  personal  ini- 
tiative of  each  individual  commander  and  private  soldier  or  sailor. 
When  all  preparation  is  made,  when  all  appliances  have  been  per- 
fected and  brought  together,  in  the  particular  thicket  or  mined  strait 
in  which  the  work  of  the  moment  is  to  be  done,  it  is  the  perceptive 
power  and  moral  resolution  of  the  individual  which  command 
success.  In  wai*fare  as  in  industries,  the  automaton  counts  for 
less  and  less,  and  the  thinking,  resourceful  individual  for  more  and 
more.  The  automaton  is  the  natural  result  of  despotic  institutions, 
civil  and  religious;  the  resourceful,  initiating  individual  is  the 
natural  product  of  free  institutions,  under  which  the  citizens  are 
as  little  restricted  as  possible  in  the  development  and  training  each 
of  his  own  will-power  and  capacities.  To  secure  this  fundamen- 
tal advantage  of  free  institutions,  as  many  fields  of  activity  as 
possible  must  be  left  open  to  the  individual,  and  to  voluntary  asso- 
ciations of  individuals.  If  the  Government  enters  a  field  which 
individuals,  or  voluntary  associations  of  individuals,  could  till,  it 
diminishes  by  so  much  the  range  or  reach  of  the  great  school  of 
self-governing  freemen,  namely,  the  school  of  creative  and  con- 
structive industry  under  liberty  and  with  responsibility.  Is  it  not 
a  wonderful  thing  that  ihe  invention  of  more  and  more  destructive 
weapons,  like  the  long-range  magazine  rifle  and  the  machine  gun, 
which  have  made  impossible  close  formations,  and  forced  every 
modern  army  to  imitate  what  used  to  be  called  Indian  warfare, 
should  bring  out  so  strikingly,  as  this  recent  war  has  done,  the 
immense  superiority  of  the  disciplined  freeman  to  the  traineii  au- 
tomaton? A  firing  line  is  now  composed  of  detached  men,  each 
seeking  cover  at  every  moment,  and  all  using  smokeless  powder, 
that  the  exact  position  of  the  line  may  not  be  revealed  to  the  en- 
emy one  thousand  or  two  thousand  yards  away.  The  enemy  is  in- 
visible, and  there  is  none  of  the  excitement  of  personal  encounter. 
The  individual  soldier  is  not  supported  on  right  and  left  by  bodily 
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contact  with  comrades,  and  the  nearest  officer  may  be  a  long  way 
off.  Under  such  circumstances  each  man  must  do  his  own  fighting, 
and  success  depends  on  the  courage,  skill,  and  judgment  of  the 
Individual  soldier.  The  maxim,  '*  In  time  of  peace  prepare  for 
war,"  means,  therefore,  vastly  more  than  it  used  to.  It  no  longer 
refers  chiefly  to  the  provision  of  vessels,  forts,  and  weapons,  but 
rather  to  the  bringing  up  of  generations  of  young  men  trained  by 
school,  college,  political  life,  and  the  great  national  industries  to 
habits  of  self -direction  and  of  disciplined  cooperation.  This 
bringing  up  is  best  secured  under  free  institutions  which  leave 
everything  possible  to  the  initiative  of  the  citizen. 

This  principle  —  thnt  government  should  do  nothing  which  any 
other  agency  can  do  as  well  —  being  admitted  and  established,  the 
next  question  to  be  considered  is  whether  the  legitimate  activities 
of  our  Government  in  time  of  peace,  activities  directed  toward  con- 
structive and  wholly  beneficent  objects,  should  not  be  increased. 
On  this  point  I  cannot  help  thinking  that  the  lesson  of  the  war  is 
plain  and  convincing.  It  is  undeniable  that  our  people  have  re- 
joiced in  the  exhibition  of  power  which  the  Government  has  given 
during  this  war.  We  have  all  derived  great  satisfaction  from  our 
Government's  display  of  power,  exercised  with  promptness,  fore- 
sight, and  the  sagacious  adaptation  of  means  to  ends.  It  is  human 
nature  always  and  everywhere  to  enjoy  such  success  as  the  Gov- 
ernment has  won,  even  when  it  costs  heavily  in  blood  and  mone>'. 
To  have  the  consciousness  of  possessing  power,  and  to  display  the 
power  possessed,  is  a  national  gratification.  Now,  this  sort  of  sat- 
isfaction ought  to  be  obtainable  in  peace  as  well  as-  in  war ;  so  that 
the  power  of  the  United  Stales,  disi)layed  in  peace  for  ends  wholly 
constructive  and  beneficent,  ought  to  be  in  some  measure  compar- 
able with  the  power  the  Government  is  capable  of  displaying  for 
destructive  ends  in  war.  Charles  Sumner's  argument  to  the  com- 
parative cost  of  the  Ohio,  a  ship  of  the  line,  and  of  Harvard  Uni- 
sity^ —  a  comparison  made  in  1845  —  helped  him  to  the  wrong  con- 

» •♦  It  appears  from  the  last  Report  of  the  Treasurer,  that  the  whole  available  prop- 
erty  of  the  University  (Harvard),  the  various  accumulations  of  more  than  two  centu- 
ries of  generosity,  amounts  to  $703,176. 

Change  the  scene,  and  cast  your  eyes  upon  another  object.  There  now  swings  Idly  at 
her  moorings,  in  this  harbor,  a  ship  of  the  line,  the  Ohio,  carrying  ninety  guns,  finished 
as  late  as  1836,  for  $547,888;  repaired  only  two  years  afterwards,  In  18:^8,  for  $223,012; 
with  an  armament  which  has  cost  $53,945;  making  an  amount  of  $&U,845  (Document 
No.  112,  House  of  Representatives,  Third  Session,  Twenty -seventh  Congress)  as  the 


Digitized  by 


Google 


596  ADDRESS    BT 

elusion  that  war  is  always  dishonorable  and  always  to  be  avoided, 
and  that  preparations  for  war  are  foolish  and  criminal.  Neverthe- 
less, the  comparison  was  and  is  highly  suggestive,  and  becomes 
more  and  more  so  as  preparation  for  war  and  war  itself  grow  more 
and  more  costly.  Indeed,  in  one  respect  the  recent  war  has  made 
such  comparisons  more  effective  and* interesting;  for  it  has  proved 
that  the  defence  ofcoast  cities  and  harbors  is  easier  than  we  had 
supposed,  since  the  strongest  fleets  have  no  formidable  powers  of 
offence  against  them.  Comparatively  cheap  mines,  protected  by  re- 
spectable earthworks  on  shore,  cannot  be  successfully  dealt  with 
by  any  naval  forces  yet  devised.  A  navy  without  an  army  cannot 
make  conquests  :  and  the  defence  of  all  important  points  on  a  coast 
can  be  extemporized  at  moderate  cost.  Such  comparisons  make  us 
desire  that  the  steady  energy  of  the  Government  for  good  ends  in 
times  of  peace  be  made  to  bear  a  better  comparison  with  its  in- 
tense energy  in  the  spasms  of  war.  How  can  the  United  States  put 
forth  during  the  long  periods  of  peace  a  beneficent  power  compar- 
able to  the  destructive  power  it  wields  i'l  war  without  violating  the 
principle  of  leaving  to  its  citizens  every  field  of  activity  which  they 
can  till  to  advantage? 

If  we  examine  the  fields  of  activity  which  must  perforce  remain 
to  the  Government,  we  shall  find  that  they  will  amply  suflice  for  the 
exercise  of  power  enough  to  gratify  the  most  ambitious  and  the 
most  benevolent  citizen  of  the  Republic.  Let  us  briefly  survey  some 
of  these  fields.  The  first  I  shall  mention  is  the  fostering  of  com- 
merce. This  function  obviously  belongs  to  the  general  Govern- 
ment, which  has  power  not  only  to  regulate,  but  to  annihilate  at 
will,  the  trade  of  its  citizens  with  foreign  countries.  We  have,  in- 
deed, seen  our  foreign  commerce  destroyed  by  our  own  national  leg- 
islation.   Now,  commerce,  foreign  and  domestic,  is  the  great  peace- 

artual  ('ot«t  at  tills  muincnt  of  tliat  ningle  nliip;  more  tlian  $100,000  beyond  all  tlio  avail- 
able wealth  of  the  richest  and  most  ancient  Beat  of  learning  In  the  land! 

Pursue  the  coinpHrison  still  further.  The  expenditures  of  the  University  during 
the  last  year,  for  the  general  purposes  of  the  college,  the  instruction  of  the  Under* 
graduates,  and  for  the  Scliools  of  Law  and  Divinity,  amount  to  $46,949.  The  cost  of  the 
Ohio  for  one  year  of  service,  in  salaries,  wages,  and  provisions,  is  $220,000;  being 
$17ft,0')0  above  the  annual  expenditures  of  the  University,  and  more  than  /owr  times 
as  much  as  those  expenditures.  In  other  words,  for  the  annual  sum  lavished  on  a 
single  ship  of  the  line,. /imr  institutions  like  Harvard  University  might  be  sustained 
throughout  the  country  I"  (The  True  Grandeur  of  Nations:  an  oration,  by  Charles 
Sumner,  delivered  l)efore  the  authorities  of  the  City  of  Boston,  July  4,  1845.  Boston  : 
American  Peace  Society,  1869.) 
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maker  and  peacekeeper,  and,  on  the  whole.  It  is  the  great  enricher  of 
mankind  in  comforts  and  luxuries.  It  deserves  on  every  account 
the  fostering  care  of  a  powerful  nation,  not  only  for  the  benefits 
it  confers  on  the  members  of  that  particular  nation,  but  because  it 
tends  to  bring  about  the  confederation  of  all  races  of  mankind  in 
the  pursuit  of  a  common  well-being.  The  war  with  Spain  has  dis- 
tinctly enlarged  the  moral  outlook  of  our  people.  It  has  presented 
to  them  wholly  unexpected  problems  concerning  the  responsibility 
of  a  fortunate  people  for  the  welfare  of  the  less  fortunate.  It  has 
suggested  to  them  that  a  policy  of  political  seclusion  and  commer- 
cial isolation  is  not  worthy  of  a  strong,  free,  and  generous  people ; 
and  that  such  a  policy  is  not  the  way  to  the  greatest  prosperity  and 
the  most  desirable  influence. 

Another  great  field  of  beneficent  activity  for  our  Government 
is  the  procuring  of  just  and  humane  conditions  of  labor  in  indus- 
tries which  cannot  be  carried  on  within  the  jurisdiction  of  any  single 
State,  because  they  necessarily  cover  several  States.  For  the  pro- 
tection of  work-people  in  industries  carried  on  completely  within  a 
single  State,  State  legislation  may  suflSce ;  but  when,  as  in  the  case 
of  railroads,  the  Industry  must  be  carried  on  through  several  or 
many  States,  it  is  only  the  National  Government  that  can  adequate- 
ly protect  the  interests  of  the  persons  employed.  The  great  func- 
tions of  the  National  Government  in  this  respect  are  now  only 
beginning  to  be  exercised.  In  the  Ninth  Annual  Report  of  the 
Interstate  Commerce  Commission  on  the  Statistics  of  Railways  in  the 
United  States,  a  report  dated  June  30, 1897,  I  read*  that  in  the  year 

^Comparative  Summary  of  Railway  Accidents  for  the  years  ending  June  80,  1896, 
1895,  1804,  1893,  1892.  1891,  1890,  1889,  1888: 


Year 


1896 
1896 
1894 
1898 
18fr2 
1891 
1890 
1H89 
1888 


Employes 


Killed 


1,861 
1,8U 
1,8-23 
2,727 
2,564 
2,660 
2,451 
1.972 
2,070 


jured 


29,969 
25,696 
23,422 
31,729 
28,267 
26,140 
22,S9({ 
20,0-28 
20.148 


PaHsengers 


Killed 

181 
170 
824 
299 
876 
293 
286 
810 
816 


lii- 
jored 

2,878 
2,375 
3,084 
3,229 
3,227 
2,973 
2,425 
2,146 
2,138 


Otiier  PerHonrf 

Total 

Killed 

In- 
jured 

Killed 

In- 
jured 

4,406 

5,845 

6,448 

38,687 

4,155 

5,677 

6,136 

33.748 

4,800 

5,4.'J3 

6.447 

31,889 

4,320 

6,435 

7,346 

40,393 

4,217 

5,158 

7,147 

86,662 

4,076 

4,769 

7,029 

33,881 

3,598 

4,206 

6,836 

29,027 

8,541 

4,136 

6,823 

26,309 

2,897 

8,602 

6,282 

25,888 

(Interstate   Commerce  Commission;  Statistics  of  Railways  in  the  United  Stages, 
1896,  page  87.) 
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1896  the  number  of  railroad  employes  killed  m  the  service  was 
1861,  and  the  number  injured  29,969,  the  number  of  men  employed 
on  the  railroads  of  the  United  States  in  this  year  being  826,620.    In 

1897  the  corresponding  figures  were  1,693  killed  and  27,667  injured. 
These  actual  numbers  equal  the  casualties  of  a  great  battle ;  but  the 
deaths  and  injuries  occurred  in  a  single  year,  and  are  not  above 
the  average  of  the  five  years  preceding.  The  total  number  of  per- 
sons killed  on  American  railroads  in  the  year  1896  was  6,448,  while 
the  injured  were  88,687,  and  these  figures  are  not  above  the  average 
of  the  five  yeai*s  preceding.  In  the  same  year  there  were  killed  and 
wounded  in  coupling  and  uncoupling  alone  6,614  trainmen,  1,744 
switchmen  and  flagmen,  and  828  other  employes,  making  a  total  of 
8,686  killed  and  wounded  in  coupling  and  uncoupling  alone.'  Of 
the  total  number  of  trainmen  in  the  United  States,  one  in  every  152 
was  killed,  and  one  in  every  10  was  injured  during  the  railroad 
year  1896  ;^  during  1897  one  in  165  was  killed  and  one  in  1 2  injured. 

»  Accidents  In  the  CJnItei  StAteg,  1896,  In  coupling  and  uncoupling. 


TRAINMEN 


KILLED  I  INJURED 


157 


6,467 


SWITCHMEN,  FLAGMEN, 
AND  WATCHMEN 


OTHER  EMPLOYES 


KILLED  (INJURED 


3U 


KILLED  (INJURED 


8.457 


(Interstate  Commerce  Commission ;  Statistics  of  Railways  In  the  United  States,  1896, 
page  88.) 


»  Comparatlye  summary  showing  number  of  employes  and  trainmen  for  one  killed 

and  for  one  Injured  In  the  United  States,  for  the  years  ending  June  90, 

1896, 1895, 1894,  1893,  1892, 1891  and  1890: 


1896  .... 

1895  ...      . 

1894  ...      . 

1898  ...      . 

1892  ...      . 

1891  -      -      .      . 

1890  ...      . 

(Ibid,  page  96.) 


NUMBER  OF  EMPLOY tS 
FOR  ONE 


433 

428 
320 
822 
296 
306 


28 
31 
33 
28 
29 
30 
33 


NUMBER    OF    TRAIKMEK 
FOR  ONE 


152 
155 
166 
115 
113 
104 
105 


INJURED 


10 
11 
12 
10 
10 
10 
12 
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Great  battles  do  not  occur  every  year ;  but  these  losses  do.  Do  not 
these  terrible  figures  suggest  that  our  Government  has  not  yet  un- 
dertaken to  discharge  its  duty  of  protecting  by  legislation  large 
classes  of  its  citizens  engaged  in  indispensable  service  to  the  com- 
munity? The  obstacles  to  the  use  of  automatic  couplera  are  pe- 
cuniary alone.  On  June  30,  1896,  only  about  one- third  of  the  total 
equipment  of  American  railroads  in  cars  and  locomotives  was  fit- 
ted with  train-brakes,  and  only  about  two-fifths  were  fitted  with 
automatic  couplers.  Have  we  not  here  a  new  function  for  our 
Government  in  which  the  wise  exercise  of  its  great  power  would 
have  far-reaching  beneficent  results  ? 

As  time  goes  on,  it  appears  that  more  and  more  industries  have 
a  national  scope.  Thus,  it  may  be  doubted  whether  the  mining  of 
soft  coal  can  be  successfully  regulated  by  the  separate  legislation 
of  single  States ;  for  coal  mined  in  Virginia  is  necessarily  in  com- 
petition with  coal  mined  in  Ohio,  for  example,  and  the  unprotected 
condition  of  laborers  in  Ohio  may  prevent  the  adequate  protection 
of  coal  miners  in  Virginia.  Within  a  few  months  New  England 
cotton  manufacturers  have  been  startled  by  the  development  of  the 
cotton  manufactures  in  the  Southern  States ;  and  one  of  the  Hrst 
suggestions  of  remedy  made  by  the  New  England  operatives  was  a 
national  law  to  regulate  hours  of  labor  in  cotton  mills  all  over  the 
country.  This  incident  simply  marks  a  tendency.  Interests  com- 
mon to  many  States  certainly  suggest  that  the  common  Government 
has  duties  in  regard  to  them. 

An  established  function  of  our  National  Government  is  the  exe- 
cution of  public  works  for  the  improvement  of  rivers  and  harbors, — 
works  which  redound  to  the  advantage  of  the  localities  where  they 
are  situated,  to  be  sure,  but  also  to  that  of  the  people  at  large. 
These  works  are  too  often  executed  in  a  slow,  wasteful  manner, 
which  no  private  person  or  corporation  could  possibly  afford.  As 
an  illustration  of  bad  Government  methods,  and  therefore  of  the 
possibilities  of  improvement  in  governmental  efficiency,  I  take  the 
Columbia  river  at  the  Cascade  Gorge.  This  improvement  com- 
prises works  on  a  great  lock  and  on  a  canal  about  three  thousand 
feet  long,  including  the  lock.  The  original  estimate  of  the  cost 
was  a  million  and  a  half  dollars,  and  the  work  was  actually  begun 
in  1878.  At  the  end  of  1891,  when  $1,609,324.94  had  been  ex- 
pended on  the  work,  the  estimate  for  its  completion  was  a  million 
and  three-quarters  dollars.     It  is  not  yet  finished,  after  the  lapse 
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of  twenty  years. ^  In  six  of  the  years  since  the  first  appropriation 
was  made,  Congress  made  no  appropriation  whatever.  Until  1898 
it  never  appropriated  anything  like  the  sum  which  the  engineers 
reported  could  profitably  be  expended  in  the  following  year,  and 
even  then  the  appropriation  lacked  half  a  million  dollars  of  the 
money  the  engineers  wanted.     The  total  expended  to  date  is  more 

1  Columbia  River  at  Cascade : 


Year. 

Appropriations. 

Amt.  Expend- 
ed   includinK 
llMblltties  and 
contracts. 

Available. 

Estimated  amt. 
that  rould  be 
profitably  ex 
pended  In  fol- 
lowing year. 

Estimate  for 
completion 
from  date. 

1876 

90,000  00 

90,000  00 

1877 

4,616  65 

90,fOa  00 

500,000  00 

1,469.136  00 

1878 

150,000  00 

5,854  06 

235,383  86 

500,000  00 

1,524,388  00 

1879 

100,000  00 

44,785  87 

829,529  30 

500,000  00 

1,424,338  eO 

1880 

100,000  00 

207,626  83 

384,743  43 

600,000  00 

1.324,338  00 

1F81 

100,000  00 

83,289  48 

217,116  60 

750,000  00 

1,224,338  00 

1882 

265,000  00 

133,829  67 

133*817  17 

600,000  00 

1,655,397  00 

1883 

186,233  5S 

265,517  60 

500,000  00 

1,665,397  00 

1«S4 

150,000  00 

73,588  92 

79,284  07 

500,000  00 

1.505,307  00 

1886 

13.'J,87.t  48 

155,697  15 

760,000  00 

1,250,000  00 

1886 

187,500  00 

19,050  74 

21,823  67 

800,000  00 

1.100,000  00 

1887 

110,446  66 

190,272  98 

400,000  00 

1,850,000  00 

1888 

300,000  00 

77,788  44 

79,837  38 

500,000  00 

1,650.000  00 

1889 

221,835  26 

302,347  50 

700,000  00 

1,250,000  00 

1890 

485,000  00 

72,^58  88 

80,512  83 

900,000  00 

1.115,000  00 

1891 

284,170  24 

442,668  96 

1,600,000  00 

1,745,000  00 

1892 

826,260  00 

190,660  11 

208,488  71 

1,419,260  00 

1,419,260  00 

1898 

1,289,668  00« 

19,398  27 

1,688,786  60 

1894 

880,964  96 

1,664,388  88 

1805 

630.000  00 

427.001  28   • 
842,248  72 

1896 

, 

From  Bookkee 

per's  accounts. 

1897 

»  Sundry  civil  Act  of  1898,— ♦•  not  more  than  ]  to  be  expended  during  the  fiscal  year 
ending  June  30, 1894." 

Total  expended, 5,007,742  00 

Original  estimate, 1,469,186  00 

Total  expended  with  interest  up  to  date  of  1897  at  4^,         .       6,880,000  00 
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than  five  millions  of  dollars,  not  counting  interests  on  expenditures 
which  have  stretched  over  twenty  years.  In  the  meantime  not  a 
particle  of  benefit  has  accrued  to  the  population  on  the  Columbia 
river  or  to  the  nation  at  large.  The  delay  and  waste  have  been 
caused  by  scanty  and  intermittent  appropriations,  involving  fre- 
quent suspensions  of  work  and  the  deterioration  of  an  expensive 
plant.  ^  The  cost  of  the  work  has  been  greatly  enhanced  by  the 
necessity  of  renewing  the  plant,  and  recruiting  anew  at  short  inter- 
vals the  whole  force  of  work-people.  If  a  vigorous  corporation 
had  undertaken  the  work,  it  could  have  completed  the  job  Within 
six  years,  and  would  thereafter  have  enjoyed  a  good  income  on 
the  money  invested.  It  is  impossible  for  the  nation  at  large  to 
take  satisfaction  in  grand  works  so  feebly  conducted.  Such  a  pro- 
cess impairs,  rather  than  increases,  the  self-respect  of  the  nation; 
for  everybody  perceives  that  it  is  a  stupid  and  discreditable  process. 
Whenever  a  public  work  must  be  completed  before  the  country 
can  derive  any  benefit  from  it,  the  Government  should  prosecute 
the  work  with  all  the  dispatch  consistent  with   thoroughness  of 


^Extracts  from  the  reports  of  U.  S.  Engineers  in  charge  of  the  work. 

Report  of  Major  James,  1886:  "  In  conclusion,  I  will  only  add  that  if  the  necessary 
funds  can  be  afforded,  I  can  open  this  work  for  navigation  inside  of  two  years,  and 
that  every  year  saved  in  the  opening  of  navigation  through  the  Cascade  Mountains 
will  gave  to  the  masses  of  people  affected  a  sum  approximate  to  the  whole  cost  of  the 
work." 

Captain  Powell,  1887:    **  Operations  had  been  generally  suspended,  from  want  of 

funds,  for  several  months  previous  to  August,  1886 The  estimate  of  cost 

for  completing  the  canal  with  the  single  lock,  carefully  revised  during  the  year  and 
based  on  the  costs  of  work  done,  gives  a  total  In  round  numbers  of  $1,850,000.  The  in- 
crease over  the  original  estimate  results  principally  from  previously  uncounted  ex. 
penses  from  suspension  of  work;  the  severity  of  the  climate  and  dIflQculties  of  the 
situation  at  the  Cascade  Gorge,  were,  I  Judge,  not  sufficiently  considered.  ...  On 
account  of  small  and  uncertain  appropriations  the  opening  of  the  Cascade  Canal  will 
require  several  years." 

Major  Thomas  H.  Handbuiy,  1888:  "  For  all  works  of  this  character,  where  the  im- 
provement  to  be  effected  must  be  completed  before  any  advantage  can  acx;rue  to  com- 
merce. It  does  seem  that  the  policy  of  small  appropriations  running  through  a  long 
term  of  years  enhances  enormously  their  ultimate  cost." 

Major  Handbury,  1890:  "  On  the  6th  (of  July)  active  work  was  resumed  and  con- 
tinued until  November  when  It  was  discontinued  on  account  of  unfavorable  weather 
and  a  scarcity  of  funds." 

Major  Handbury,  1891 :  "  The  estimated  amount  yet  to  be  appropriated  for  com- 
pleting the  work  is  $1,746,600.  If  this  amount  were  available  now,  so  that  the  work 
from  this  time  forward  could  be  pushed  to  the  full  extent  of  our  arrangements  and 
the  capacity  of  the  plant  now  provided,  it  Is  within  the  range  of  possibility,  under 
ordinary  circumstances  of  weather,  to  advance  It  so  near  completion  that  boats  could 
be  regularly  passed  through  the  lock  by  the  end  of  the  year  1892;  but  this  Is  not  the 
case;    .    .    .    .    " 
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execution.  This  single  instance  illustrates  the  opportunities  for 
immense  improvement  in  the  conduct  of  the  operations  of  our  Gov- 
ernment on  public  works.  Already,  there  are  some  examples  which 
indicate  that  better  limes  are  in  store  for  us  in  this  respect.  Thus, 
in  1884,  estimates  of  $3,710,000  were  submitted  for  clearing  out 
the  mouth  of  the  Columbia  River  by  dredging  and  constructing  jet- 
ties. On  June  30,  1896,  this  work  was  practically  finished  at  a 
cost  of  two  millions  of  dollars,  favorable  circumstances  and  prompt, 
continuous  work  having  effected  a  saving  of  a  million,  seven  hun- 
dred thousand  dollars.*  The  rapid  erection  of  the  Library  of  Con- 
gress under  the  direction  of  General  Casey  within  the  original  esti- 
mates is  another  hopeful  example.^  The  self-respect  of  the  nation 
is  enhanced  by  every  public  improvement  which  is  well  planned 
and  well  executed,  and  then  turns  out  to  be  of  public  benefit  pro- 
portionate to  the  expenditure.  The  cost  of  clearing  the  mouth  of 
the  Columbia  river  was  not  so  much  as  the  cost  of  one  armored 
cruiser ;  but  it  is  a  permanent  work  of  daily  utility,  the  beneficence 
of  which  is  without  alloy. 

To  illustrate  further  the  directions  in  wliich  the  beneficent  ex- 
penditures of  our  government  might  reasonably  be  increased,  I 
now  invite  your  consideration  of  certain  comparisons  between  items 
of  military  and  naval  expenditure  which  the  Cuban  war  has  forced 
on  our  attention,  and  the  cost  of  some  government  establishments 
which  are  of  special  interest  to  the  Association.  The  annual  cost 
of  the  Lighthouse  Establishment,  on  the  average  of  the  five  years 
from  1893  to  1897,  inclusive,  was  three  million  dollars.  The 
cost  of  maintaining  naval  vessels  in  commission  during  the  year 

»  Extract  from  Report  of  Major  Handbury,  1891:  "Receiving  reasonably  large 
appropriations,  the  officer  in  charge  has  been  enabled  to  provide  a  plant  commensn- 
rate  with  the  importance  and  difficulties  of  the  work  in  hand,  and  has  used  this  to 
good  advantage.  The  work  has  been  well  organized  and  pushed  forward  on  business 
principles,  as  all  large  Government  work  must  be  if  economical  results  are  to  be  ex- 
pected. The  rock  and  other  materials  have  thus  far  been  obtained  at  reasonable  fig- 
ures,, and  the  employes  have  taken  a  commendable  interest  in  the  success  of  the 
project  and  rendered  faithful  service.  This  could  not  have  been  done  had  the  work 
been  overshadowed  with  the  constant  dread  of  disorganization  on  account  of  limited 
and  inadequate  appropriations." 

»  The  law  of  October  2, 1888,  put  the  whole  charge  of  the  construction  into  the  hands 
of  General  Casey,  Chief  of  Engineers,  U.  S.  Army.  In  March,  1889,  Congress  appro- 
priated 115,500,000,  in  addition  to  $745,000,  a  balance  of  former  appropriations.  It  was 
then  estimated  that  the  time  of  construction  would  be  eight  years.  The  building 
was  completed  just  within  that  time;  and  there  was  an  unused  balance  of  over$50,000. 
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1897  —  a  year  of  peace  —  was  nine  millions  of  dollars. ^  Now, 
the  Lighthouse  Establishment  is  one  of  the  most  interesting  and 
useful  departments  of  national  expenditure.  It  has  a  high  scien- 
tific quality,  and  also  a  protecting,  guiding,  friendly  quality.  It 
rendera  an  unremitting  service  in  storm  and  in  calm,  over  rough 
waters  and  smooth,  on  both  oceans,  on  the  Great  Lakes,  and  on 
many  rivers,  and  in  all  the  extremes  of  climate  which  bur  wide- 
spread conntry  affords.  It  calls  forth  in  high  degree  the  best  hu- 
man qualities, —  intelligence,  fidelity,  and  watchfulness.  It  ought 
to  be  the  object  of  constant  interest  on  the  part  of  the  whole  pop- 
ulation, and  of  Congress  in  particular.  With  our  resources  and 
commercial  needs,  and  our  thousands  of  miles  of  coasts  and 
rivers,  the  Lighthouse  Establishment  ought  to  be  the  best  in  the 
world,  as  well  as  the  most  extensive.  Indeed,  it  ought  to  be  abso- 
lutely as  good  as  it  can  be  made,  and  every  promising  experiment 
for  the  improvement  of  any  single  light  or  of  all  lights,  of  any 
single  foghorn  or  of  all  foghorns,  ought  to  be  promptly  tried  by 
the  Government  without  regard  to  cost.  Some  other  nations  and 
regions  of  the  earth  excel  us  in  the  proportion  of  first-order  and 
second-order  lights  to  all  lights,  and  several  nations  fcave  experi- 
mented more  patiently  and  more  successfully  than  we  have  with 

«  From  the  U.  S.  Treasurer's  Report: 
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the  electric  coast  light.  There  is  no  doubt  that  the  number  of 
lights  and  fog-signals  might  be  increased  to  great  advantage,  that 
many  more  range  lights  and  lighfted  buoys  should  be  supplied,  and 
that  the  vessels  maintained  by  the  Lighthouse  Establishment  might 
be  better  equipped  and  better  adapted  to  the  service  they  are  ex- 
pected to  render.  A  government  vessel  ought  always  to  be  of  the 
best  possible  type,  and  to  be  supplied  with  all  the  best  appliances 
for  its  service. 

The  progress  of  medical  science  imposes  upon  modern  govern- 
ments a  new  duty  towards  their  citizens,  the  duty,  namely,  of 
protecting  them  from  contagious  or  iufectious  diseases.  This 
protection  has  to  be  provided  by  means  of  inspection  stations, 
quarantines,  and  other  methods  proper  to  secure  the  isolation  of 
infected  persons.  The  doctrine  of  State  Rights  has  been  invoked 
in  our  country  to  prevent  effective  inspection  and  quarantine  on 
our  seacoast,  and  effective  isolation  in  the  interior  of  the  country. 
The  assumption  by  the  National  Government  of  an  effective  con- 
trol, on  the  coast  and  in  the  interior,  over  imported  infections  or 
contagious  diseases,  has  also  been  resisted  on  the  ground  that  na- 
tional healtR  officei*s  wonld  not  be  careful  of  the  commercial  inter- 
ests of  single  ports  threatened  with  the  invasion  of  disease,  or 
actually  suffering  therefrom ;  whereas  State  or  municipal  authori- 
ties would  always  bear  in  mind  the  commercial  and  industrial  in- 
terests of  the  afflicted  places.  Such  arguments  against  national 
control  of  these  dangers  are  narrow  and  unworthy,  and  have  too 
long  prevented  the  establishment  of  an  effective  National  Board 
of  Health.  The  diseases  against  which  protection  is  most  to  be 
desired  are  cholera,  small-pox,  leprosy,  and  yellow- fever;  and 
these  diseases  come  in  at  the  coast  on  vessels  which  are  sailing 
under  National  authority  and  regulation.  It  is  impossible  to  see 
how  an  effective  control  can  be  exercised  over  them  except  by  the 
National  Government.  The  Government  has  an  established  agency 
already,  called  the  Marine- Hospital  Service,  which  has  a  consider- 
able variety  of  functions  not  well  indicated  by  its  title.  Thus,  it 
examines  candidates  for  the  positions  of  keepers  and  surf  men  in 
the  Life-Saving  Service,  pilots  for  steam  vessels  in  regard  to  color 
blindness,  cadets  and  seamen  for  the  Revenue-Cutter  Service,  and 
renders  aid  to  the  Immigrant  Service  by  inspecting  arriving  immi- 
grants. It  is  also  charged  with  a  certain  amount  of  public  health 
service,  but  its  authority  on  this  subject  is  not  well  established, 
and  has  often  been  successfully  resisted.     It  is  obvious  that  the 
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Marine- Hospital  Service  is  a  creditable  and  useful  one,  but  that  it 
lacks  the  authority  which  a  National  Board  of  Health  should  have ; 
and  that  both  its  staff  and  the  money  placed  at  its  disposal  are 
inadequate  to  the  important  ends  in  view.  Now  that  our  Govern- 
ment has  driven  Spain  out  from  its  West  Indian  colonies,  and 
has  assumed  possession  of  Porto  Rico,  and  temporary  control  of 
Cuba,  an  opportunity  is  afforded  of  organizing  this  department,  and 
putting  it  upon  a  much  more  effective  footing  than  would  have 
been  possible  before.  The  island  of  Cuba  has  been  the  great  source 
of  yellow  fever  infection  ;  and  we  now  have,  temporarily  at  least, 
the  opportunity  of  ridding  ourselves  of  this  source  of  danger  and 
dread.  At  the  same  time.  Congress  can  reconstruct  what  is  now 
called  the  Marine- Hospital  Service,  and  render  it,  under  some  other 
name,  a  thoroughly  effective  agent  for  the  protection  of  the  people 
of  the  United  States  from  imported  preventable  diseases.  An 
effective  bureau  once  established  would  undoubtedly  find  new  oppor- 
tunities of  usefulness  to  the  people.  Thus,  the  pollution  of  streams 
occurring  within  the  limits  of  one  State,  but  affecting  the  people  of 
other  States,  is  a  subject  which  a  National  Health  Department 
might  very  properly  deal  wil  h ;  and  the  disinfection  of  public  inter- 
state conveyances  on  land  and  water  is  another.  The  community  is 
just  beginning  to  desire  the  application  of  effective  methods  to 
prevent  the  diffusion  of  transmissible  diseases.  The  prohibition 
of  expectoration  in  public  conveyances  is  a  good  8ign  of  the  ad- 
vent of  better  municipal  practices  with  regard  to  the  spread  of 
contagion.  The  community  is  also  beginning  to  understand  how 
the  industrial  effectiveness  of  the  community  is  diminished  by 
preventable  diseases  and  deaths,  and  to  apprehend  the  economic 
aspects  of  the  prevention  of  disease.  The  preservation  of  the 
public  health  against  the  invasion  of  preventable  disease  is  really 
one  of  the  great  interests  of  the  American  people,  health  and  the 
protection  of  life  to  the  normal  period  being  infinitely  precious  to 
the  individual  and  desirable  alike  for  the  happiness  and  the  pro- 
ductiveness of  the  whole  people.  Indeed,  the  public  health  more 
directly  concerns  the  public  happiness,  than  does  agriculture,  min- 
ing, trade,  or  any  other  of  the  national  activities.  The  commer- 
cial argument  for  an  effective  national  health  bureau  is  a  strong 
one ;  yet  it  is  the  feeblest  of  all  the  arguments  for  the  reenforce- 
ment  of  the  existing  national  health  agencies.  To  remove  from 
American  families,  or  greatly  diminish,  the  fear  of  death  by  pre- 
ventable imported  disease  would  be  to  confer  an  immense  blessing 
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OQ  all  classes  of  our  people.  The  progress  of  medical  science  bus 
made  typhoid  fever  a  preventable  disease,  and  has  reduced  tbe 
mortality  in  diphtheria  to  one-third  of  the  former  rate.  When 
the  record  of  this  short  war  with  Spain  is  made  up,  it  will  appear 
that  one  of  the  few  thoroughly  discreditable  features  of  the  war 
was  the  occurrence  of  numerous  cases  of  typhoid  fever  in  instruc- 
tion camps  within  the  limits  of  our  own  country.  The  present 
expenditure  of  the  Government  for  the  Marine-Hospital  Sen-ice 
has  been  about  $650,000  a  year,  on  the  average  for  the  five  years 
1893  to  1897.  This  budget  ought  to  be  greatly  increased.  It 
would  be  wholly  reasonable  for  the  Government  to  spend  as  much 
on  behalf  of  the  public  health  as  it  costs  to  keep  three  Itattleships 
in  commission  for  a  year  in  time  of  peace,  say,  one  million  of 
dollars.  The  debates  on  this  subject  have  been  going  on  for  a 
long  time.  The  cholera  invasions  of  the  later  forties  and  early 
fifties  staited  the  discussion.  The  cholera  of  1892  provoked 
further  discussion,  and  each  invasion  of  our  southern  coast  by 
yellow  fever  has  increased  the  public  interest  in  the  subject.  In 
Congress,  in  local  boards  of  trade,  and  in  the  communities  which 
have  been  invaded  by  epidemic  diseases,  all  aspects  of  the  subject 
have  been  reviewed,  it  is  now  time  for  effective  action  on  the 
part  of  Congress. 

The  Life- Saving  Service  of  the  United  States  deserves  to  be 
greatly  enlarged.  The  general  seacoast  of  the  United  States,  ex- 
cluding Alaska,  is  estimated  as  5,705  miles  long;  but  if  islands, 
bays,  and  rivers  to  the  head  of  tide  water  be  included,  the  esti- 
mated length  leaches  64,559  miles.  This  mileage  does  not  include 
3,000  miles  of*  lake  coast,  or  nearly  5,000  miles  of  rivers  above 
tide-water.^  On  June  30,  1895,  the  number  of  life-saving  stations 

>  In  1889  the  Coast  and  Geodetic  Survey  at  the  request  of  the  Light-House  Board 
prepared  the  following  ntjitenients  of  the  length,  in  statute  miles,  of  the  general  sea- 
coast,  and  of  the  coastline  including  islandn,  bays,  eic,  to  the  head  of  tide- water: 

General  seacoast  of  the  United  States  : 

Atlantic  Ocean 2,043 

Gulf  of  Mexico 1,852 

Pacific  Ocean 1,810 

Alaslta 4,750 

CouHtline   including  islands,  l>ays,   rivers,  etc.,  to  the 
head  of  tidewater: 

Atlantic  Oc^an 36,616 

Gulf  of  Mexico  -      1»,14:< 

Pacific  Occ^n 8,9  0 

Alaska  26,376 

This  mileage  does  not  Include  the  more  than  3,000  miles  of  the  lake  coast  nor  th« 
nearly  five  thousand  miles  of  rivers  which  are  lighted;  but  it  does  include  the  Alas- 
kan coasts,  great  partd  of  which  are  not  lighted. 
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was  ouly  251,  and  of  these  53  were  on  the  Great  Lakes,  1  on  the 
Ohio  River,  and  13  on  the  Pacific  Coast.  For  the  year  ending 
June  30,  1895,  the  men  at  these  stations  gave  aid  in  675  cases 
of  disaster,  the  amount  of  property  involved  being  eleven  millions 
of  dollars,  and  the  number  of  persons  involved  about  six  thou- 
sand. The  mere  mention  of  these  figures  demonstrates  at  once 
the  inadequacy  of  the  number  of  stations.  The  men  employed 
must  possess  skill  in  surf-woi  k  aod  in  the  use  of  the  various  appli- 
ances for  life-saving,  and  must  be  also  men  of  unquestionable 
courage  and  good  judgment.  They  are  exposed  in  their  routine 
of  duty  to  many  hardships  and  dangers.  They  struggle  with  wind 
and  cold  on  the  shore,  and  with  some  of  the  most  formidable 
dangers  of  the  sea.  They  must  patrol  beaches  or  rock-bound 
shores  in  the  worst  weather,  and  must  be  always  read}'  for  prompt 
service  by  night  and  by  day.  They  need  all  the  martial  virtues ; 
and  these  virtues  are  displayed  not  in  killing  and  wounding,  but 
ill  rescuing  from  death  and  injury.  They  must  have  not  only  in- 
dividual courage  and  skill,  but  discipline  and  capacity  for  com- 
bined action  in  moments  of  great  excitement  and  stress.  As  the 
result  of  the  organization  of  this  service,  the  number  of  lives  lost 
in  proportion  to  the  number  of  persons  on  board  vessels  suffering 
disaster  within  the  domain  of  the  Life -Saving  Service  has  been 
greatly  reduced.  The  latio  for  the  five  years  1875  to  1880  was  1 
to  65;  the  mtio  for  the  years  1890  to  1895  was  1  to  95.  Shall 
we  not  all  agree  that  this  noble  service  should  not  be  limited  in  its 
scope  by  any  pecuniary  consideration ;  but  only  by  the  probability 
of  rendering  service?  When  the  United  States  undertakes  to  save 
life,  and  in  so  doing  maintains  a  fine  corps  of  servants  whose  manly 
qualities  are  all  exerted  for  beneficent  purposes,  it  should  not  con- 
sider what  the  service  properly  organized  costs,  but  simply  how 
useful  it  can  be  made.  The  appropriation  for  the  fiscal  year  1898 
was  only  $1,562,795. 

The  Department  of  Agriculture  is  of  comparatively  recent  crea- 
tion, dating  from  1893.  The  appropriations  made  for  this  depart- 
ment have  always  exceeded  the  amount  expended,  partly  because 
of  its  newness,  and  pai*tly  because  Congress  has  been  disposed 
to  be  liberal  in  this  direction.  The  proper  objects  of  the  depart- 
ment are  the  discovery,  study,  and  development  of  the  agricultural 
resources  of  the  United  States.  It  is  primarily  a  scientific  and 
technical  bureau.     Of  its  twenty-two  divisions,  seven  are  admin- 
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istrative,  eight  technical,  and  seven  purely  scientific.  It  is  dis- 
tinguished among  the  departments  of  the  government  by  having  its 
whole  body  of  servants  under  Civil  Service  rules,  the  only  persons 
not  in  the  classified  service  being  the  Secretary,  the  Assistant  Sec- 
retary, and  the  Chief  of  the  Weather  Bureau.  Its  main  work  is 
done  not  in  Washington,  but  at  scattered  stations  all  over  tlie 
country.  Thus,  there  are  (1897)  outside  of  Washington  153  ob- 
serving stations,  and  244  stations  on  the  seacoasts  and  Great  Lakes 
where  storm  signals  are  displayed  for  the  benefit  of  mariners. 
There  are  (1898)  also  135  meat  inspection  stations  in  35  cities  of 
the  country,  28  quarantine  stations  for  imported  cattle,  16  stations 
for  inspecting  export  stock,  beside  several  stations  for  examining 
stock  for  Texan  fever.  The  Division  of  statistics  affords  a  measure 
of  protection  against  combination  and  extortion  in  buying  and 
selling  the  products  of  agriculture.  It  collects  information  as  to 
the  condition  and  prospects  of  the  principal  crops,  tabulates  sta- 
tistics of  agricultural  productions,  and  of  the  distribution  and 
consumption  of  these  products,  and  issues  a  monthly  crop  report 
for  the  benefit  of  producers  and  consumers.  It  is  obvious  that  this 
useful  Division  tends  to  check  irrational  and  injurious  speculation 
in  food  products.  The  usefulness  of  the  department  is  beyond 
all  question,  whetlier  we  consider  domestic  or  foreign  commerce, 
the  agricultural  industries  proper,  or  the  great  business  of  export- 
ing foods.  The  English  government  supervises  with  much  care 
and  at  large  cost  the  importation,  transportation,  and  marketing  of 
cattle,  sheep,  and  pigs,  and  of  the  foods  derived  from  these  animals. 
Why  should  we  be  less  careful  than  the  English  of  the  welfare  of 
the  population  in  this  respect?  When  we  consider  the  large  pro- 
portion of  our  population  engaged  in  industries  which  this  depart- 
ment serves,  and  the  importance  of  these  industries  to  our  national 
budget,  may  we  not  reasonably  be  surprised  that  the  depaitment  is 
crippled  by  the  parsimony  of  Congress  with  regard  to  salaries?  On 
account  of  the  low  salaries  authorized  for  scientific  and  technical 
services,  the  department  is  constantly  losing  some  of  its  ablest  and 
best  workers.  Universities,  colleges,  and  experiment  stations  carry 
off  the  best  men.  On  account  of  the  youth  of  the  department,  most 
of  its  officers  and  servants  are  now  young  men,  who  may  perhaps 
be  retained  for  a  time  at  the  low  salaries  authorized  by  Congress, 
but  are  sure  to  be  lost  to  the  service  as  their  age  and  experience 
increase.     Apart  from  the  Weather  Bureau,  which  is  now  one  of 
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itB  divisions,  the  cost  of  the  Department  of  Agricnltare  during  the 
financial  year  1896-97,  was  rather  more  than  two  millions  of  dol- 
lars,—  about  the  cost  of  one  day  of  the  war  with  Spain. 

Next  to  Agriculture  in  importance  to  the  country  comes  the  min- 
ing of  coal  and  the  metallic  ores.  The  mineral  wealth  of  the 
United  States,  including  coal,  is  immeasurable,  and  there  lie  the 
foundations  of  all  our  manufacturing  industries,  and  of  the  house- 
hold comfort  with  which  our  population  is  so  greatly  blessed. 
One  would  naturally  have  supposed  that  the  government  of  the 
United  States  would  have  been  inclined  to  spend  liberally  on  the 
discovery  and  investigation  of  our  mineral  resources,  and  that 
the  Geological  Survey  of  the  United  States  would  always  have  been 
carefully  fostered,  and  developed  as  rapidly  as  possible.  When- 
ever new  territory  has  come  into  our  possession  or  been  newly  oc- 
cupied, we  might  naturally  have  endeavored  to  obtain  with  the 
utmost  promptness  complete  surveys  of  its  geological  and  minera- 
logical  features,  in  order  to  bring  to  the  notice  of  the  population 
the  resources  of  the  new  areas.  Such  has  not  been  the  history  of 
the  Geological  Survey  of  the  United  States.  The  expenditure  upon 
it  has  never  been  generous,  and  has  often  been  parsimonious ;  and 
large  areas  of  our  country  have  remained  for  generations  unex- 
plored and  unmapped.  There  has  been  no  method  of  cordial  co- 
operation between  national  surveys  and  state  surveys,  and  the 
geological  investigations  of  the  government  have  generally  fol- 
lowed in  the  wake  of  private  mining  enterprises,  rather  than  led 
the  way.  For  the  average  of  the  five  years  1893-97  the  expendi- 
ture of  the  Government  on  the  Geological  Survey  and  the  issue  of 
geological  maps  was  about  $450,000  a  year,  or  less  than  the  cost 
of  six  hours'  war  with  Spain  during  the  last  four  months. 

In  the  city  of  Washington  the  Government  maintains  a  National 
Museum,  a  National  Zoological  Park,  and  a  Congressional  Library. 
All  these  three  institutions  taken  together  do  not  cost  the  Govern- 
ment three  hundred  thousand  dollars  a  year ;  whereas  the  English 
government  spends  on  the  British  Museum  alone  about  $600,000  a 
year. 

The  Weather  Bureau  of  the  United  States,  on  which  the  nation 
spends  less  than  a  million  dollars  a  year,  contributes  greatly  to  the 
comfort  and  health  of  the  people  and  to  the  protection  of  their 
property.  The  warnings  it  gives  of  cold  waves,  frost,  hot  waves, 
and  high  winds,  of  the  coming  of  heavy  rains  and  the  rise  of  riv- 
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era,  have  a  constantly  increasing  usefulness ;  yet  its  number  of  sta- 
tions for  weather  observation  is  manifestly  insufficient,  and  the  num- 
ber of  places  at  which  warnings  are  conspicuously  given  is  also 
insufficient.  We  owe  to  the  war  with  Spain  the  first  attempt  to 
establish  an  adequate  number  of  observation  stations  in  the  West 
Indies, —  stations  which  have  been  greatly  needed  from  the  first 
establishment  of  the  Bureau.  The  field  of  observation  ought  to  be 
much  broadened,  and  its  results  ought  to  be  more  thoroughly  and 
promptly  made  known.  In  the  year  ending  June  30,  1897,  that 
is,  before  the  war,  the  country  spent  twice  as  much  on  mere  repairs 
of  naval  vessels  as  it  did  on  the  Weather  Bureau. 

The  Coast  and  Geodetic  Survey  of  the  United  States  has  been  a 
great  credit  to  the  country,  and  has  a  value  not  only  for  the  pro- 
tection of  commerce,  but  for  the  promotion  of  geographical  science, 
— a  value  it  would  be  impossible  to  estimate.  It  should  be  maintained 
in  a  state  of  the  utmost  efficiency,  and  its  results  should  be  at  the 
service  of  every  mariner  and  merchant.  It  is  a  part  of  the  equip- 
ment of  our  Government  which  has  conferred  on  the  United  States 
scientific  distinction.  Nevertheless,  it  has  often  been  crippled  in 
its  work  by  lack  of  steady,  timely,  and  adequate  appropriations.  Its 
annual  cost  for  the  five  years,  1893-1897,  averaged  $418,000,  or 
only  a  little  over  what  it  cost  to  maintain  in  commission  the  ar- 
mored cruiser  New  York*  for  the  year  1897. 

^From  a  Statement  showing  the  amounts  authorized  for  new  vessels  under  *'ln- 
erease  of  the  Navy  "  in  each  act  of  Congress  from  Mar.  3,  1883  to  and  including  the 
act  of  Mar.  3,  1803,  the  objects  (ships)  authorized,  the  amounts  appropriated,  the 
amounts  expended  upon  each  yessel  authorized,  including  armor  and  armament  and 
the  actual  total  cost  of  completed  ships. 


Objects  ( ships )  authorized  and  dates 
of  acts  of  Congress. 

Amounts  au- 
thorized for 
hull  and  ma- 
chinery, in- 
cluding hull 

Cost  of  maintenance  for  one 
year,  including  coal,  pro- 
visions,  repairs  and  pay 
of    officers,    crew,  and 
marines. 

armor. 

Act  of  Mar.     3,  1886    Yorktown 

590,000.00 

155,43516 

"      Aug.     3,  1886    Terror 

630,000.00(?) 

196.561.47 

*•      Mar.     8.  1887    San  Francisco 

1,500,000.00 

242.845.48 

)  New  York 
"      Sept.    7,  1888  5 

)  Bancroft 

3,500.000.00 
960,000.00 

391.065.8J 
82.444.47 

)  Indiana 
"      JuneSO.  1890    ' 

)  Oregon 

4.000,000.00 
4.000,000.00 

323,695.67 

'*      Mar.  19,  1892    Brooklyn 

8.500,000.00 
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A  new  department  of  our  Government  ought  to  be  at  once  or- 
ganized to  secure  the  permanent  protection  and  utilization  of  the 
forests  on  the  national  domain.  The  experience  of  other  nations  has 
already  demonstrated  that  well-managed  national  forest  reserves 
not  only  pay  their  expenses,  but  yield  a  revenue.  The  objects  of 
such  forest  administration  are  of  the  utmost  importance  to  a  min- 
ing and  farming  population,  being,  briefly,  to  ensure  a  permanent 
supply  of  timber,  to  protect  the  water-supply  in  agricultural  re- 
gions adjacent  to  the  forests,  to  prevent  floods,  and  to  store  water 
which  in  arid  and  semi-arid  regions  can  subsequently  be  utilized  for 
irrigation.  The  efiPorts  thus  far  made  to  protect  the  national  prop- 
erty in  forests  have  not  been  successful,  the  greatest  destruction 
being  wrought  by  fire,  and  by  pasturage,*  but  much  harm  being  also 

(Note  continued  frompctge  610.) 


Ships. 

Amount  Expended. 

For  hull  and 

For  armor 

For  arma- 

For equip- 

Total 

machinery, 

for  gun  pro- 

ment. 

ment,  Bu- 

Including 

tection. 

reaus  of 

hull  armor. 

Equipment, 
Construc- 
tion and 
Repair  and 
Steam  En- 
gineering. 

Yorktown 

548,906.61 

156,722.64 

62,401.34 

768,030.59 

Terror 

1,234,810.91 

1U,664.64 

138,853.68 

64,489.17 

1,677.818.40 

San  Francisco 

1,738,267.82 

272,876.54 

124,168.95 

2,136,808.31 

New  York 

3,727,641.29 

170,299.03 

341,626.43 

107,175.64 

4,346,642J)9 

Bancroft 

362,506.05 

47,659.50 

21,217.08 

431,281.68 

Indiana 

4,355,898.53 

977,184.02 

558,972.48 

95,691.45 

6,982.691.48 

Oregon 

4,868,902.47 

1,029,591.42 

585,596.77 

75.412.09 

6.659,604.75 

Brooklyn 

8,621,268.52 

328.652.21 

341,689.82 

137,330.04 

4.433.790.09 

»  "  Most  of  the  Fresno  group  (Big  Tree  lumber)  are  doomed  to  feed  the  mills  re- 
cently erected  near  them,  and  a  company  of  lumbermen  are  now  cutting  the  magnifi- 
cent forest  on  King's  River.  In  these  milling  operations  waste  far  exceeds  use;  for 
after  the  choice  young  manageable  trees  on  any  given  spot  have  been  felled,  the 
woods  are  fired  to  clear  the  ground  of  limbs  and  refuse  with  reference  to  further  op- 
erations, and.  of  course,  most  of  the  seedlings  and  saplings  are  destroyed. 

These  mill  ravages,  however,  are  small  as  compared  with  the  comprehensive  de- 
struction caused  by  *  sheepmen.'  Incredible  numbers  of  sheep  are  driven  to  the 
mountain  pastures  every  summer,  and  their  course  is  ever  marked  by  desolation.  Ev- 
ery wild  garden  is  trodden  down,  the  shrubs  are  stripped  of  leaves  as  if  devoured  by 
locusts,  and  the  woods  are  burned.  Running  fires  are  set  everywhere,  with  a  view  to 
clearing  the  ground  of  prostrate  trunks,  to  facilitate  the  movements  of  the  fiocks  and 
Improve  the  pastures."  (The  Mountains  of  California :  by  John  Mulr.  Now  York.  The 
Century  Co.,  1894,  p.  199.) 
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done  by  Bimple  steiUiDg  of  the  forest  produot  in  diBtrictt  where 
there  is  no  adequate  policing  of  the  reeervatioDB.  The  experience 
of  Canada  has  proved,  under  conditions  analogous  to  those  which 
exist  within  our  own  territory,  that  forest  guards  and  patrols  can 
do  much  to  keep  down  fires,  even  in  the  dryest  seasons.  The  prob- 
lem in  our  own  country  is  to  procure  legislation  that  wHl  protect 
the  forests,  while  promoting  the  occupation  by  private  settlers  of 
land  within  the  districts  covered  by  the  reservations  which  is  bet- 
ter adapted  to  agricultural  or  mining  use  than  it  is  to  forestry. 
The  opposition  to  the  reservation  of  forest  land  which  has  pro- 
ceeded from  the  mining  interests  is  an  opposition  that  prefers  the 
immediate  pecuniary  interest  of  a  single  generation  to  the  perma- 
nent pecuniary  interest  of  many  generations ;  for  it  is  certain  that 
diffused  mining  industries  cannot  be  permanently  maintained  in  re- 
gions denuded  of  timber,  except  by  large  companies  owning  the 
richest  mines,  — companies  which  can  support  tbe  expense  of  bring- 
ing timber  from  afar.  In  semi-arid  regions,  pasturage  is  fatal  to 
future  forest  growth,  while  in  well- watered  regions  like  Oregon  and 
Washington,  the  injury  it  inflicts  is  insignificant ;  but  it  is  precisely 
in  semi-arid  regions  that  a  storage  of  water  for  purposes  of  irriga- 
tion is  most  important.  Neither  state  ownership  of  forest  lands 
nor  private  ownership  can  be  satisfactory  under  present  conditions. 
Private  individuals  and  corporations  have  an  immediate  interest  in 
cutting  off  the  timber ;  and  this  done,  their  interest  ceases.  Wher- 
ever forests  are  cut  down  for  fire-wood,  as  has  happened  throughout 
New  England,  every  tree  is  cut,  and  the  forest  is  permanently  in- 
jured. Many  deciduous  trees,  like  the  birches  and  maples,  start 
up  again  from  the  stumps,  with  numerous  sprouts,  and  this  sprout- 
growth  remains  very  inferior  to  seedling  growth.  The  woods 
of  New  England  have  been  seriously  damaged  by  being  cropped 
for  fire-wood  in  successive  generations.  This  may  happen  in  re- 
gions where  the  rainfall  is  sufficient  to  secure  reforesting ;  but  in 
arid  or  semi-arid  regions  reforesting,  when  once  the  original  tim- 
ber has  been  removed,  is  extremely  difficult  or  in  many  cases  im- 
possible. Anyone  who  has  travelled  through  the  comparatively 
treeless  countries  around  the  Mediterranean,  such  as  Spain,  Sicily, 
Greece,  Northern  Africa,  and  large  portions  of  Italy,  must  fer- 
vently pray  that  our  own  country  may  be  presetved  from  so  dismal 
a  fate.  It  is  not  the  loss  of  the  forests  only  that  is  to  be  dreaded, 
but  the  loss  of  agricultural  regions  now  fertile  and  populous,  which 
may  be  desolated  by  the  floods  that  rush  down  from  bare  hills  and 
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rooantains,  bringing  with  them  vast  quantities  of  sand  and  gravel 
to  be  spread  over  the  lowlands.  Travelling  a  few  years  ago 
throngh  Tunisie,  I  came  suddenly  upon  a  fine  Roman  bridge  of 
stone  over  a  wide,  bare,  dry  river-bed.  It  stood  about  thirty  feet 
above  the  bed  of  the  river,  and  had  once  served  the  needs  of  a  pros* 
perons  population.  Marvelling  at  the  height  of  the  bridge  above 
the  ground,  I  asked  the  French  station-master  if  the  river  ever  rose 
to  the  arches  which  carried  the  roadway  of  the  bridge.  His  answer 
testified  to  the  flooding  capacity  of  the  river  and  to  the  strength  of 
the  bridge.  He  said,  '^  I  have  been  here  four  years  and  three  times 
I  have  seen  the  river  running  over  the  parapets  of  that  bridge." 
That  country  was  once  one  of  the  richest  granaries  of  the  Roman 
£mpire.  It  now  yields  a  scanty  support  for  a  sparse  and  semi- 
barbarous  population.  The  whole  region  roundabout  is  treeless. 
The  care  of  the  national  forests  is  a  provision  for  future  genera- 
tions, for  the  permanence  over  vast  areas  of  our  country  of  the 
great  industries  of  agriculture  and  mining  upon  which  the  prosper- 
ity of  the  country  ultimately  depends.  The  National  Forestry  Bu- 
reau ought  to  be  at  once  organized  with  its  director,  clerks,  in- 
spectors, head  overseers,  assistant  overseers,  rangers,  and  field 
force,  as  recommended  by  the  Commission  appointed  by  the  Na- 
tional Academy  of  Sciences  on  a  Forest  Policy  for  the  United 
States.  A  good  forest  administration  would  soon  come  to  support 
itself ;  but  it  should  be  organized  in  the  interest  of  the  whole  coun- 
try, no  matter  what  it  cost.  The  estimate  of  the  cost  of  the  or- 
ganization, as  made  by  the  Forestry  Commission  of  the  Academy, 
was  two  hundred  and  fifty  thousand  dollars  a  year  for  the  first  five 
years.  This  is  about  the  annual  cost  of  the  maintenance  of  the 
protected  cruiser  San  Francisco. 

The  Grovemment  has  carried  on  for  many  years  an  inquiry  into 
the  habits,  feeding-grounds,  and  modes  of  breeding  and  migra- 
tion of  the  fish  which  make  an  important  part  of  human  food,  and 
inhabit  the  Western  Atlantic  and  the  Eastern  Pacific,  the  Great 
Lakes,  and  the  rivers  and  brooks  of  the  continent.  It  is  obvious 
that  no  power  but  that  of  the  general  Government  can  carry  on  ef- 
fectively a  research  of  this  magnitude,  covering  such  enormous 
areas,  and  dealing  with  such  a  variety  of  creatures.  The  waters  of 
the  globe  yield  food  of  great  variety  and  great  value  to  mankind  ; 
but  the  habits  and  conditions  of  breeding  of  fish  and  shell-fish  have 
remained  until  this  century  almost  unknown,  and  indeed  are  still 
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wrapped  in  much  mystery.  Yet  questions  are  constantly  arising 
as  to  possible  diminution  of  this  important  food-supply,  and  as  to 
the  effects  on  the  permanence  of  the  supply  of  new  methods  of 
catching  fish.  These  great  questions  are  legitimate  objects  of  study 
by  the  Government ;  but  it  is  obvious  that  such  researches  require 
expensive  outfit,  long  time,  and  highly-trained  observers.  When 
to  these  researches  is  added  the  actual  breeding  of  young  fish  in 
great  quantities  for  the  stocking  of  rivers,  ponds,  and  bi*ook8,  it 
becomes  apparent  that  the  field  of  labor  is  simply  enormous,  and 
that  the  economic  interests  involved  are  vast  and  permanent.  Now, 
in  this  great  enterprise  the  expenditures  of  the  Government  dur- 
ing the  five  years  1893-1897  have  been  $360,000  a  year,  which 
is  less  than  the  annual  cost  of  maintaining  one  of  our  battleships. 

One  other  mode  of  beneficent  expenditure  the  United  States  Gov- 
ernment has  maintained  for  a  generation,  namely,  the  annual  appro- 
priation of  money  for  certain  colleges  of  agriculture  and  mechanic 
arts,  which  were  founded  under  the  Act  of  1862.  In  aid  of  these 
colleges  the  Government  appropriated  in  1897  a  million  of  doUara. 
It  is  hard  to  see  why  the  Government  aid  should  be  limited  to  thia 
particular  sort  of  instruction,  to  which  only  a  very  small  percent- 
age of  the  youth  of  our  country  can  possibly  resort ;  but  if  the 
Government  is  going  to  aid  exclusively  the  colleges  of  agriculture 
and  the  mechanic  arts,  what  a  pittance  is  one  million  a  year !  Can 
any  of  us  see  with  satisfaction  our  Government  spend  no  more  on 
the  annual  support  of  education  in  agriculture  and  the  mechanic 
arts  throughout  the  country  than  on  the  annual  maintenance  of  three 
battleships  in  time  of  peace  ? 

In  instituting  these  comparisons  between  military  and  naval 
expenditure  on  the  one  hand,  and  expenditure  for  purely  beneficent 
objects,  such  as  the  advancement  of  science,  the  development  of 
technical  skill,  the  saving  of  life,  the  improvement  of  industries^ 
and  the  support  of  education,  on  the  other,  I  have  no  intention  of 
even  suggesting  that  the  expenditures  on  military  and  naval  prepa- 
ration should  be  diminished,  much  less  stopped  as  Charles  Sumner 
proposed.  The  short  war  with  Spain  has  taught  us  the  immeasur- 
able value  of  the  Regular  Army  and  Navy,  and  has  justified  the 
expenditure  of  all  the  money  they  have  ever  cost.  As  war  becomes 
more  and  more  a  matter  of  science,  —  chemical,  physical,  biologi- 
cal, and  fiscal,  and  of  highly-trained  skill  on  the  part  of  all  who 
direct  or  operate  the  complicated  machinery  of  war,  it  is  manifest 
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that  it  is  the  duty  of  the  United  States  to  build  and  maintain  the 
most  perfect  instruments  and  appliances  of  war  that  the  utmost 
skill  of  our  engineers  and  mechanics  can  produce,  and  to  keep  in 
training  adequate  bodies  of  men  to  use  effectively  this  elaborate 
machinery.  But  is  it  not  equally  clear  that  the  nation  which  can 
afford  to  make  this  expenditure  can  afford  to  make  much  freer  ex- 
penditures than  our  nation  has  ever  made  on  the  wholly  beneficent 
agencies  of  the  Government,  which  save  life,  increase  food  and  ore 
production,  avert  evils,  facilitate  transportation,  promote  industries 
and  commerce,  and  foster  education?  If  the  self-respect  of  the 
nation  were  habitually  increased  by  the  visible  achievements  of  the 
Government  in  peace,  there  would  be  less  chance  of  the  people's 
being  tempted  to  war  by  the  desire  to  see  the  power  of  the  Gov- 
ernment exhibited.  If  the  Government  habitually  displayed  a 
great  beneficent  power,  a  power  exerted  primarily  for  the  good  of 
its  own  citizens,  but  secondarily  for  the  good  of  mankind,  and 
which,  in  order  to  its  full  effects,  called  for  the  permanent  mainte- 
nance of  large  bodies  of  disciplined  and  devoted  ser%'ants  of  an 
excellence  comparable  with  that  of  the  Regular  Army  and  Navy, 
would  there  not  be  solid  grounds  for  pride  and  satisfaction  in  our 
Government  which  would  tend  to  defend  us  from  seeking  that  pride 
and  satisfaction  in  military  glory  ? 

Aft^r  everything  possible  has  been  said  in  favor  of  martial  vir- 
tues and  achievements,  whenever  our  people  really  take  up  the 
question  how  best  to  win  glory,  honor,  and  love  for  free  institu- 
tions in  general,  and  the  American  Republic  in  particular,  whether 
in  our  own  eyes  or  in  the  eyes  of  other  nations  and  later  times^ 
they  will  come  to  the  conclusion  that  more  glory,  honor,  and  love 
are  to  be  won  by  national  justice,  sincerity,  patience  in  failure,  and 
generosity  in  success,  than  by  national  impatience,  combativeness, 
and  successful  self-seeking ;  and  glory,  honor,  and  love  more  by  as 
much  as  the  virtues  and  ideals  of  civilized  man  excel  those  of 
barbarous  man. 


Digitized  by 


Google 


Digitized  by 


Google 


EXECUTIVE  PROCEEDINGS. 


REPORT  OF  THE  GENERAL  SECRETARY. 


Tub  Forty-seventh  Meeting  and  Fiftieth  Anniversary  of  the  American 
Association  for  the  Advancement  of  Science  was  called  to  order  on  Monday, 
Angust  22,  1897,  at  10  o'clock,  a.  M.,in  Huntington  Hall  of  the  Massacha- 
setts  Institute  of  Technology,  Boston,  Mass.,  by  Professor  Woloott 
GiBBS,  of  Newport,  R.  I. ,  the  retiring  President.  After  prayer  by  the  Right 
Reverend  William  Lawrence,  Bishop  of  Massachusetts,  the  retiring  Pres- 
ident introduced  the  President  of  the  meeting,  Professor  Frederick  W. 
Putnam,  of  Harvard  University. 

President  Putnam  on  taking  the  chair  expressed  his  gratification  at  tak- 
ing it  from  a  founder  of  the  Association  and  acknowledged  the  great 
honor  which  had  been  conferred  upon  him  by  the  Association.  He  then 
introduced  His  Excellency,  Roger  Wolcott,  Governor  of  Massachusetts, 
who  welcomed  the  Association.    He  said : 

It  is  with  far  more  than  ordinary  pleasure  that,  on  behalf  of  the  Com- 
monwealth, I  extend  a  most  cordial  greeting  to  those  who  are  present  here 
to-day.  The  American  Association  for  the  Advancement  of  Science  on 
this,  its  fiftieth  anniversary,  has  done  well  to  return  to  the  soil  of  the  Com- 
monwealth which  was  the  place  of  its  birth  and  which  gave  to  it  its  char- 
ter. I  welcome  you  all— those  who  come  from  the  many  cities  of  oar 
country  and  those  who  come  from  foreign  lands.  The  Commonwealth  is 
honored  by  your  presence.  As  seekers  after  truth,  you  have  devoted  your 
lives  to  following  the  footsteps  of  Science,  whether  her  majestic  way  is 
across  continents,  following  the  pathway  of  stars,  or  whether  she  delights 
to  follow  the  minutest  particles  revealed  by  microscopic  research. 

Governor  Wolcott  then  described  at  length  In  an  eloquent  and  scholarly 
manner  the  many  benefits  coming  to  the  world  by  the  researches  of  men  of 
science,  and,  continuing,  compared  them  to  the  men  who  have  erected 
lighthouses  on  the  coast,  guiding  and  directing  the  course  of  those  who  will 
come  after  them.  He  spoke  of  the  infinite  possibilities  of  science,  and  said 
that.  In  spite  of  the  great  advances  that  have  been  made,  little  Is  known 
to-day  of  the  mysteries  of  nature,  so  elusive  is  its  touch. 

It  Is  for  you,  he  said,  little  by  little  as  the  years  and  the  centuries  go 
on,  with  faithful  and  painstaking  search,  to  learn  a  little  more  of  that 
great  ocean  of  truth  and  to  launch  your  barks  a  little  farther  on  the  sea  of 
science,  and  to  know  more  about  the  stars,  the  plants,  the  pebbles  and  the 
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shells.  The  truth  is  that  science  is  sllll  sweeping  beyond  you  and  is  beck^ 
oning  you  to  follow  her.  Science  would  be  less  worthy  of  ref^ard  if  its 
benefits  should  be  limited  to  any  class,  but  it  is  open  to  all. 

It  is  as  men  of  science  that  the  Commonwealth  welcomes  you  to-day. 
May  you  bear  away  from  this  meeting  pleasant  memories  of  the  State, 
rich  in  the  valor  and  achievements  of  her  sons.  And  may  you  leave  be- 
hind you  that  inspiration  which  is  fostered  and  cherished  by.men  who  are 
brought  together  to  compare  notes  and  clasp  hands  and  carry  back  mem- 
ories of  this  meeting.  The  Commonwealth  greets  you  and  expresses  to 
you  her  recognition,  and  bids  you  welcome  to  the  old  Bay  State. 

The  Prksidbnt  next  introduced  His  Honor  Josiah  Quincy,  Mayor  of 
Boston,  who  joined  in  the  Governor's  w^elcome,  speaking  as  follows : 

We  are  grateful  to  you  for  giving  us  an  opportunity  of  seeing  you 
here,  that  we  may  listen  to  your  deliberations  and  exercises,  and  for  hav- 
ing  the  privilege  of  entertaining  you  in  some  measure.  I  may  say  in 
truth  that  there  is  no  other  city  in  this  country  which  would  appreciate 
more  highly  the  privilege  of  having  this  anniversary  meeting  held  within 
its  borders  than  the  city  of  Boston.  I  think  I  may  claim  with  truth  that 
in  no  city  is  science  held  in  higher  esteem,  in  no  city  are  the  great  work  of 
science  and  the  widespread  beneficence  of  its  results  more  recognized 
than  in  the  city  of  Boston.  There  is  no  organization  to  which  we  would 
more  gladly  open  our  doors  than  to  your  American  Association  for  the 
Advancement  of  Science  Your  work  has  a  very  direct  relation  to  the 
work  in  which  the  people  of  the  city  of  Boston  are  engaged,  in  their  cor- 
porate capacity,  and  the  work  which  their  municipal  government  is  try- 
ing to  prepare  for  them.  As  I  regard  it,  the  work  of  good  municipal 
government  is  the  task  of  securing  the  practical  application  of  the  prin- 
ciples of  science  to  the  great  fund  of  knowledge  which  has  been  won  for 
us  by  science.  I  am  continually  impressed  in  my  practical  relation  to 
the  work  of  this  great  city  with  the  vital  relation  which  science  bears  to 
that  work.  More  efficient  government  is  to  be  sought  along  the  lines  of 
aflbirs  which  fall  within  the  scope  of  our  municipal  government,  and  this 
is  to  be  won  for  us  by  the  investigators  who  have  increased  their  knowl- 
edge of  science  within  the  last  fifty  years. 

I  trust  and  believe  that  this  interesting  occasion  may  do  something 
for  us  as  well  as  something  for  the  American  Association  for  the  Advance- 
ment of  Science,  and  I  hope  that  among  other  benefits  it  may  give  to  our 
citizens  as  a  whole  a  greater  appreciation  of  what  science  is  and  of  what 
science  does ;  and  not  only  of  what  science  does  in  the  abstract  or  in  the 
way  of  theoretical  investigation,  but  demonstrate  the  value  of  science  as 
the  handmaid  of  civilization  which  enlarges  the  views  of  mankind  and 
lifts  society  up  to  the  highest  plane  of  thought.  If  the  first  result  is 
economy  in  its  relation  to  humanity ;  if  its  first  eflTect  is  to  enlarge  our 
minds  and  give  us  a  wider  power  of  interpretation  of  nature,  to  harness 
more  efi'ectually  the  forces  of  the  great  mother,  and  to  save  labor,  It  has 
no  less  surely  its  social  audits  intellectual  side.  First  are  to  be  considered 
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the  economical  possibilities,  which  mean  easier  living  with  infinite  im- 
provements in  the  art  of  living,  and  after  it  come  the  advancement  of 
all  humanity  and  the  more  complete  progress  which  must  accompany 
social  uplifting.  We  are  endeavoring  in  a  partial  and  incomplete  way  to 
apply  some  of  the  principles  of  science  to  the  practical  benefits  of  the 
one-half  million  people  within  the  limits  of  this  municipality.  I  am  proud 
to  say  that  we  give  a  high  place  in  everyday  work  to  men  of  science  who 
are  giving  technical  application  to  the  prinj^iples  which  have  come  to  light 
through  the  investigations  of  abstract  science.  Work  in  the  future  will 
demand  a  fuller  employment  of  men  of  science.  I  am  proud  to  say  that  we 
are  commanding  the  interest  and  the  services  and  the  hearty  cooperation, 
without  price  and  without  regard,  of  men  who  are  endeavoring  to  give 
in  some  measure  a  practical  social  science,  and,  while  this  may  be  a  far 
less  exact  science  that  many  others,  I  firmly  believe  that  there  Is  a  social 
science  and  a  political  science,  and  that  the  domains  which  come  within 
its  knowledge  are  constantly  widening,  both  as  regards  the  body  social 
and  its  evolution  and  the  body  politic  and  how  to  secure  its  best  applica- 
tion. I  heartily  congratulate  the  American  Association  and  welcome  it 
back,  after  fifty  years,  to  the  scene  of  its  birth,  and  extend  thanks  and 
welcome,  on  behalf  of  the  city  of  Boston,  to  each  and  every  one  of  Its 
members,  in  view  of  this  meeting  here  and  the  work  which  the  Associa- 
tion is  yet  to  do  in  the  first  half  of  the  century  to  come.    . 

President  James  M.  Crafts  of  the  Massachusetts  Institute  of  Tech- 
nology was  then  introduced  and  delivered  the  following  address : 

To  the  greetings  which  have  been  so  cordially  offered  to  you  in  behalf 
of  the  state  and  of  the  city  it  is  my  privilege  to  add  a  few  words  of  wel- 
come from  the  Institute,  which  is  honored  by  your  visit  to-day. 

Tou  have  not  often  favored  us  with  your  company,  for  you  waited  until 
the  twenty-ninth  year  of  the  foundation  of  the  Association  before  you 
held  your  first  Boston  meeting.  Now  twenty-one  more  years  have  elapsed 
before  you  visit  us  again,  and  we  are  pleased  that  it  should  be  for  the  pur- 
pose of  holding  your  semi-centennial  anniversary  in  this  city. 

If  your  visits,  like  those  of  angels,  are  rare,  they  are  all  the  more  highly 
prized,  and  many  of  us  feel  that  we  must  make  the  most  of  this  one,  because 
we  may  not,  in  the  course  of  nature,  hope  to  live  to  see  yon  with  us  again,  if 
your  orbit  is  fixed  by  the  intervals  of  your  past  appearances.  While  say- 
ing that  you  waited  twenty-nine  years  before  making  your  first  call  upon 
us,  it  should  be  added  that  long  ago,  in  1849,  the  second  meeting  of  the 
Association  was  held  in  Cambridge,  and  that  the  Bostonlans  had  the  ad- 
vantage of  participating  in  that  meeting  in  the  same  way  that  now  our 
good  neighbors  of  Cambridge  and  of  other  near  places  join  in  welcoming 
you  to  this  one. 

At  the  date  of  the  Cambridge  meeting  Harvard  College  was  two  hundred 
and  thirteen  years  old,  and  the  institutions  of  Boston  and  the  neighbor- 
hood which  now  have  the  honor  of  greeting  you  were  unborn  and  an- 
thought   of.     Since  that  time  Tufts  College,  Boston  College,  the  Mas- 
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sachosetts  Imtitate  of  Technology,  Boston  University  and  Wellesley 
naming  them  in  the  order  of  their  foundation,  have  grown  up  like  yonng 
plants,  and,  notwithstanding  the  rapid  increase  of  Haryard  Unirersity, 
they  snrpass  it  at  present  in  the  number  of  their  students.  The  total  adds 
up  to  nearly  8,000  students  and  more  than  800  teachers,  about  the  same 
naml>er  as  at  the  University  of  Paris. 

It  would  be  a  poor  greeting  to  deluge  you  with  statistics,  but  I  trust  you 
will  pardon  these  few,  which  are  meant  to  show  that  since  you  have  vis- 
ited us  we  have  been  diligently  occupied  In  preparing  a  fitting  audience  to 
meet  your  se<5ond,  or  rather  your  third  coming ;  for  tbe  teachers  and  stu- 
dents in  these  colleges  have  come  in  larger  part  from  New  England,  and 
particularly  from  this  neighborhood,  and,  their  education  flnistied,  they 
have  remained  in  their  New  England  homes,  and  whatever  has  clung  to 
them  of  their  college  life  is  potent  in  shaping  the  modes  of  thought  of 
their  community.  This  center  of  education,  then,  is  one  of  the  largest  in 
the  world,  and  It  is  eager  to  give  you  the  kind  of  reception  you  will  most 
prize,  those  tokens  of  sympathy,  of  respect  and  of  appreciation  which 
spring  from  knowledge ;  for  educated  men  know  that  men  of  science  are 
discovering  those  truths  which  form  the  newest  and  truest  part  of  their 
education.  Sometimes  the  surroundings  of  a  scientific  man  impress  upon 
him  a  sense  of  isolation.  He  is  asked :  What  good  are  such  things?  when 
he  has  discovered  a  new  formula  or  a  new  exhibition  of  energy  or  a  new 
substance,  or  has  dissected  the  nervous  system  of  a  worm.  He  has  no 
leisure  to  answer  such  questions,  but  he  works  on  contented  if  he  is  not 
disturbed,  and  expects  little  applause  unless  he  turns  out  a  salable  prod- 
uct. Let  him,  however,  come  in  contact  with  those  whom  modern  meth- 
ods have  trained  to  some  knowledge  of  science,  and  he  immediately  finds 
ready  support  and  sympathy  and  some  share  of  the  enthusiasm  which  he 
feels  himself. 

It  is  now  as  much  a  part  of  a  good  education  to  know  something  of  sci- 
entific facts  as  it  is  to  know  the  causes  which  led  to  the  fall  of  the  Bo- 
man  Empire.  I  do  not  mean  that  we  make  scientific  men  of  the  great  body 
of  our  students  any  more  than  the  study  of  history  transforms  scholars 
to  statesmen.  When  freshmen  enter  our  laboratories  we  have  small  hope 
that  they  will  make  original  discoveries,  but  we  are  well  content  if,  while 
fitting  themselves  for  some  practical  occupations,  they  learn  the  great  les- 
son that  new  truths  can  only  be  found  out  by  observation  and  experiment, 
and  if  they  learn  habits  of  honesty  of  thought  by  dealings  with  natnre, 
which  never  lies.  These  men  form  the  great  public  who  have  come  for- 
ward so  willingly  and  so  generously  to  lend  a  helping  hand  to  science. 
Perhaps  in  their  college  life  their  unskilful  experiments  have  taught  them 
to  admire  the  slcill  which  has  made  yours  successful ;  their  attempts  at  ob- 
servation have  given  them  some  idea  of  the  acuteness  of  powers  which 
can  be  acquired  by  long  years  of  faithful  training. 

Those  who  have  pleasure  in'scientific  occupations  are  ready  sympathi- 
zers, and  know  something  of  the  joy  which  a  discovery  brings  with  it 
even  if  there  is  no  money  In  it.  As  to  those  among  us— and  there  are  many 
who  have  devoted  their  lives  to  scientific  worlj  —  I  have  no  need  to  as- 
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sure  you  of  their  hearty  welcome,  of  their  desire  to  meet  you  in  this  cob- 
greBs,  and  to  listen  to  the  news  of  your  latest  achievements  and  perhaps 
to  tell  yon  some  of  theirs.  Tonr  connection  with  oar  colleges  is  very  di- 
rect, for  many  of  the  members  of  this  Association  have  taken  a  leading 
part  in  this  work  of  education,  and  in  this  neighborhood  we  have  been 
fortunate  in  our  teachers.  Scholars  who  have  walked' the  field  with  Gray 
and  Agassiz,  who  have  learned  their  mathematics  from  Peirce,  their  anat- 
omy from  Wyman,  or  their  chemistry  from  your  retiring  president,  might 
look  the  world  over  without  finding  leaders  better  fitted  to  guide  them  to 
the  innermost  chambers  of  scientific  knowledge.  In  this  place  it  is  most 
fitting  to  mention  the  chairman  of  the  first  meeting  of  this  Association, 
William  B.  Rogers,  who  was  a  born  educator.  He  loved  science  for  its 
own  sake,  and  he  had  a  patriotic  desire  to  see  his  country  call  upon  sci- 
ence to  aid  in  Its  material  progress.  His  efforts  began  so  far  back  as  1828, 
when  he  thought  it  useful  to  lecture  to  the  American  people  in  Baltimore 
upon  the  advantages  which  he  hoped  would  be  derived  from  building  rail- 
roads in  this  country.  He  demonstrated  the  known  principles  of  railroad 
building,  and  showed  that  traction  upon  smooth  iron  rails  was  possible. 
Afterwards,  when  he  came  to  Boston,  his  thoughts  were  full  of  a  project 
for  interesting  the  community  in  providing  means  for  the  education  of  men 
to  direct  our  growing  industries.  This  Institute  was  founded,  and  this 
building  erected  because  Rogers  knew  how  to  make  science  popular ;  his 
contagious  enthusiasm  inspired  many  co-workers  who  have  not  yet  ceased 
in  their  task.  With  great  simplicity  of  character  he  united  an  ardent  im- 
agination which  gave  a  singular  fascination  to  his  public  exposition  of 
scientific  truths.  You  perhaps  know  him  bedt  through  his  earliest  en- 
deavors for  the  foundation  of  the  Geological  Society,  and  you  know  that, 
later,  just  fifty  years  ago,  he  contributed  with  all  his  heart  to  the  forma- 
tion of  this  Association.  His  later  years  were  devoted  to  the  Institute 
which  he  built  up,  and  which  now,  largely  grown  from  small  beginnings, 
has  the  honor  of  welcoming  you  this  day ;  and  It  was  on  this  stage  that 
he  fell,  an  unfinished  sentence  on  his  lips,  giving  his  life  to  the  cause 
which  overtaxed  his  strength. 

The  memories  which  attach  themselves  to  this  place  have  led  me  to 
speak  thus  at  length  on  this  fiftieth  anniversary  of  one  who  was  a  princi- 
pal founder  of  our  Association,  and  yet  other  memories  crowd  Into  this 
hall. 

The  Lowell  lectures  have  been  held  here  for  many  years,  and  to  your 
Association  belong  many  of  the  eminent  men  who  have  stood  upon  this 
platform,  and  who  have  done  much  to  make  the  Boston  public  no  stranger 
to  scientific  assemblies.  Some  sixty-five  years  ago  the  strongest  Interest 
in  lectures  was  excited  In  New  England  by  the  qualities  of  certain  lec- 
turers. The  eloquence  of  Edward  Everett,  the  character,  the  new  doctrines 
and  the  fascinating  delivery  of  Emerson  made  men  feel  that  book  knowl- 
edge was  of  little  worth,  and  that  the  living  voice  was  the  true  means  of 
communication  with  man.  It  seems  like  the  dlfl*erence  between  reading 
testimony  or  hearing  a  witness.  Under  these  impressions  John  Lowell, 
Jr.,  a  young  man  of  thirty-four,  after  the  misfortune  of  losing  wife  and 
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children,  made  a  will  by  which  he  devoted  half  his  fortunes  to  founding 
courses  of  free  lectures.  His  death  happened  soon  after  in  a  foreign  land, 
and  the  fund  came  into  the  hands  of  his  cousin,  John  Amory  Lowell,  who 
made  its  care  and  administration  the  chief  occupation  of  his  life  and  has 
been  succeeded  in  the  charjre  by  his  son.  In  these  hands  the  Lowell  lectures 
have  grown  to  be  the  largest  enterprise  of  the  kind  in  the  world.  The 
fund  suffices  to  maintain  five  hundred  to  six  hundred  free  lectures  yearly, 
and  to  offer  inducements  to  the  most  distinguished  men  in  all  English- 
speaking  lands  to  come  to  speak  to  Boston  audiences.  We  owe  to  this 
enterprise  the  visit  of  many  a  man  of  science  to  this  country,  and,  in  one 
notable  case,  a  permanent  settlement.  You  all  know  that  Louis  Agassiz 
was  called  to  the  United  States  to  deliver  a  course  of  Lowell  lectures,  and 
that  he  became  as  good  a  citizen  as  he  was  a  savant. 

As  you  will  see  by  the  guide-book  prepared  for  the  use  of  the  Associa- 
tion, great  libraries  and  museums  have  kept  pace  with  the  intellectual  and 
material  growth  of  the  community,  and  the  needs  of  science  are  repre- 
sented in  them  as  well  as  those  of  art  and  literature.  Our  museums  de- 
pend more  than  other  institutions  upon  popular  appreciation  for  their 
support,  and  calls  upon  public  liberality  must  be  seconded  by  a  presenta- 
tion in  some  striking  and  evident  way  of  the  aims  and  scope  of  the  work 
wliich  the  collections  illustrate.  I  cannot  help  thinking  that  your  pres- 
ence and  your  discussions,  and  the  effort  which  you  make  to  come  each 
year,  often  from  great  distances,  contribute  notably  to  keep  the  cause  of 
science  before  us,  and  that  you  aid  in  its  task  each  community  you  visit. 

As  you  watch  the  motions  of  the  stars,  or  make  experiments  in  labora- 
tories, or  observations  in  the  fields,  or  build  bridges,  as  you  seek  to  cure 
disease  and  alleviate  pain,  or  reduce  the  actions  of  mankind  to  fixed  laws, 
you  doubtless  have  sometimes  in  view  your  summer  meeting,  and  look  for- 
ward to  talking  over  with  each  other  your  discoveries  and  your  difficul- 
ties, and  as  you  are  willing  to  do  this  in  public,  the  whole  community  as 
your  place  of  meeting  comes  to  a  better  knowledge  of  the  beantif  ul,  ear- 
nest, skilful  effort  which  makes  up  the  life  of  a  man  of  science.  It  is  not 
a  congress  to  adjust  confiicting  interests  or  for  displays  of  oratory  which 
lead  to  no  conclusions.  We  get  to  know  the  man  himself,  and  I  think  he 
would  be  even  more  popular  than  he  is  at  present  if  we  could  invent  some 
suitable  name  for  him.  Scientist  is  a  most  ill-sounding  word.  The  French 
term  savant  —  a  knowing  one  —  might  provoke  a  smile,  when  contrasted 
with  the  simplicity  of  character  of  many  men  of  science,  but  perhaps  after 
all  this  is  your  best  title  to  fame.  Your  discussions  do  not  often  degen- 
erate Into  disputes,  because  for  the  first  time  in  the  history  of  the  world 
methods  of  work  have  been  found  so  sure  that  the  results  can  be  accepted 
almost  without  discussion.  Even  the  geologists  come  to  an  eventual  agree- 
ment about  their  theories,  and  the  account  which  Bret  Harte  has  given 
about  their  meetings  must  not  be  taken  too  literally.  You  are  good  wit- 
nesses and  generally  agree  upon  your  facts,  and  when  facts  lead  to  differ- 
ences of  interpretation  the  single-minded  desire  to  reach  the  trnth  brings 
you  into  accord  at  last. 

We  have  good  reason  for  welcoming  you  among  us,  and  although  you 
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do  not  come  as  missionaries  we  shall  And  ourselves  the  better  for  your 
coming. 

M.  Charnay,  the  official  delegate  of  the  French  government,  was  intro- 
duced to  the  meeting  by  President  Putnam,  and  delivered  in  the  French 
language  an  address  which  may  be  rendered  into  English  as  follows : 

Okntlbmen  :— 

Allow  me  to  tell  you  how  happy  I  am  to  have  been  selected  by  the 
French  government  to  be  its  representative  on  this  great  occasion.  Let 
me  also  state  that  it  is  not  on  account  of  my  humble  merit  that  this 
honor  has  devolved  upon  me,  but  rather  because  of  my  frequent  sojourns 
in  your  great  and  beautiful  country ;  and  it  is  also,  perhaps,  because  I  am 
believed  to  be  half  American,  that  I  have  been  chosen  as  delegate  by  my 
government. 

My  first  Journey  here  dates  back  to  1864 ;  It  is,  as  you  see,  forty-four 
years  ago,  and  I  am  almost  celebrating  a  Jubilee. 

Since  that  time,  I  have  often  been  here,  and  I  have  noted  each  time  the 
progress  realized  by  your  country  in  all  branches  of  human  knowledge, 
for  it  is  not  in  sciences  alone  that  the  American  genius  has  developed ; 
arts  have  followed  the  same  rate  of  progress:  your  designers,  your 
artists  come  to  Paris  and  rival  our  own  in  winning  prizes  and  honors. 

Your  engineers  and  your  architects  are  the  IBrst  in  the  world,  and  no 
nation  has  given  in  such  a  short  time  such  proof  of  a  high  vitality. 

You  may  have  been  told,  gentlemen,  that  our  sympathies  for  the  Amer- 
ican people  had  lessened :  this  is  absolutely  false,  and  only  the  deliberate 
hostility  of  a  foreign  press  could  so  misrepresent  us. 

It  is  hard  to  believe  that  certain  foreign  papers  have  dared  to  say  that 
the  French  people  committed  all  assaults  against  Americans. 

These  absurd  statements  have  been  reproduced  by  some  American  papers 
with  the  following  additions :  **  Who  will  wonder  at  our  protestations 
against  the  attacks  of  the  French,  when  we  hear  that  American  women 
have  been  insulted  in  hotels  and  in  the  streets ;  when  we  say  that  young 
American  girls  have  been  obliged  to  escape  to  London  from  such  annoy- 
ance, etc.,  etc." 

I  could  quote  more  Just  as  unjust  passages,  but  I  leave  it  to  you  to  see 
the  absurdity  of  such  odious  lies,  which  are  unworthy  of  discussion,  for- 
eign as  they  are  to  the  French  character,  and  which  American  good  sense 
must  at  once  dismiss  as  untrue. 

Most  of  our  leading  papers  have  protested  with  indignation  against 
these  infamous  statements,  and  I,  in  my  turn,  deny  these  calumnies  and 
allegations. 

Yes,  gentlemen,  I  affirm  openly  that  all  this  is  false.  I  affirm  that  the 
old  friendship  which  binds  our  respective  nations  is  as  strong  as  ever,  and 
that  we  rely  upon  yours  as  much  as  we  ever  did. 

In  acknowledgment  of  these  addresses  President  Putnam  thanked  the 
Local  Committee  for  the  hearty  welcome  extended  to  the  Association  by 
the  Governor  of  the  State,  the  Mayor  of  the  City  and  the  President  of 
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t^  Institnte  of  Technology.  In  their  several  addresses  of  welcome,  they 
had  so  well  expressed  and  so  fully  appreciated  the  objects  of  the  Asso- 
ciation that  it  was  not  necessary  for  him  to  say  what  the  Association 
hoped  to  do  for  the  State  and  the  City  by  holding  its  meeting  in  this 
acknowledged  centre  of  caltare.  The  President  then  recalled  the  Bos- 
ton meeting  of  eighteen  years  ago  and  the  prominent  men  who  took  part 
at  that  time.  He  mentioned  the  surviving  founders  of  the  Associa- 
tion,—Oibbs,  Dixwell,  Abbott,  West  and  Hubbard;  and  the  surviving 
founder  of  the  parent  association,  —  Boy6.  He  feelingly  alluded  to  the 
recent  death  of  James  Hall,  who  had  been  looking  forward  to  attending 
this  anniversary  meeting,  and  who  at  the  time  of  his  death  was  the  oldest 
living  President  of  the  Association.  He  referred  to  the  Massachusetts 
men  who  had  held  the  office  of  president,  and  announced  that  in  memory 
of  three  who  were  no  longer  on  the  list  of  living  presidents,  the  Council 
had  made  Mrs.  Wm.  B.  Rogers,  Mrs.  Louis  Agassiz  and  Mrs.  Asa  Gray 
Honorary  Associates.  The  President  expressed  his  feelings  on  giving  up 
the  office  of  Permanent  Secretary  which  he  had  held  for  twenty-live 
years,  and  gave  a  brief  summary  of  his  forty-two  years'  connection  with 
the  Association.  He  had  joined  the  Association,  he  said,  at  the  age  of 
seventeen,  and  realizing  from  his  own  experience  the  great  value  of  mem- 
bership in  the  Association,  he  urged  all  young  men  and  women  to  become 
members  and  receive  the  benefit  of  contact  with  the  great  minds  In  science. 
In  the  course  of  his  remarks,  the  President  called  attention  to  the  ten- 
dency to  specialize  in  all  departments  of  science  which  has  led  to  the  for- 
mation of  many  special  societies.  This  specialization,  he  said,  should 
not  prevent  the  attendance  of  members  of  these  societies  at  the  meetings 
of  the  Associations,  where  they  would  be  benefited  by  contact  with  their 
fellow  scientists  and  would  aid  in  the  advancement  of  science  by  difl\i6- 
ing  their  special  knowledge. 

The  Gkmbral  Secretary  read  the  following  cable  message  from  the 
Russian  Geological  Congress  at  St.  Petersburg  : 

St.  Peteriburg,  Aug.  19, 1898. 
Boston  Inst.  Tech. 
Professor  Tyler: 
Russian  Geological  Committee  gendH  to  American  AsBOciation  for  Advancement  of 
Science  respectful  congratulations  and  best  wishes. 

Karpinskt. 

He  also  read  a  resolution  of  the  Council  that  members  of  afiSUated 
societies  and  residents  of  Boston  and  vicinity  should  be  admitted  to  asso- 
ciate membership  for  this  meeting  on  the  payment  of  three  dollars  after 
regular  nomination  and  election. 

President  Putnam  then  introduced  the  new  Permanent  Secretary,  Dr. 
Leland  O.  Howard,  as  one  who  would  give  the  Association  faithful  and 
efi9clent  service,  and  he  asked  for  him  the  same  appreciation  that  had  been 
accorded  to  himself.  Dr.  Howard  made  the  customary  announcements 
regarding  the  organization  of  Sections. 
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In  the  unavoidable  absence  of  the  Local  Sbcrrtary,  the  Chairman  of 
the  Executive  Committee  of  the  Local  Committee,  Professor  Skdgwick, 
announced  the  arrangements  that  had  been  made  for  the  accommodation 
and  entertainment  of  the  members. 

After  agreement  on  the  hours  of  meeting  as  printed  in  the  preliminary 
programme  the  general  session  was  declared  adjourned. 

The  closing  general  session  was  held  in  Huntington  Hall,  at  10  a.m., 
Saturday,  August  27,  Prbsidknt  Putnam  in  the  chair. 

The  President  called  upon  Mr.  W  J  McGke  as  chairman  of  a  committee 
on  resolutions  of  thanks.    Mr.  McGkk  presented  the  following  : 

Whereas,  the  American  Association  for  the  Advancement  of  Science 
has,  after  a  half  century  of  wandering,  returned  to  Its  blrthplnce  to  cele- 
brate its  fiftieth  anniversary,  and  to  signalize  that  unprecedented  develop- 
ment of  science  which  it  has  ever  striven  to  promote : 

Whereas,  this  Jubilee  Meeting  in  Boston  has  been  eminently  successful 
in  bringing  out  the  results  of  scientific  research,  and  eminently  agreeable 
in  the  personal  associations  formed  and  renewed;  and 

Whereas,  the  success  and  pleasure  of  the  meetiu<;  have  been  due  to  the 
unbounded  hospitality  and  untiring  courtesy  of  the  people  and  institutions 
of  this  American  centre  of  culture :  Therefore  be  it 

Besolved,  that  the  visiting  members  and  associates  of  the  American  As- 
sociation for  the  Advancement  of  Science  do  hereby  tender  cordial  thanks 
and  hearty  assurances  of  pleasant  memories 

To  the  Commonwealth  of  Massachusetts  and  His  Excellency,  Governor 
Roger  Wolcott,  for  most  courteous  welcome  to  the  Old  Bay  State ; 

To  the  municipality  of  Boston  and  His  Honor,  Mayor  Joslah  Qulncy,  for 
a  welcome  to  the  city,  and  for  facilities  and  courtesies  innumerable ; 

To  the  Salem  Committee  and  its  Chairman,  Honorable  Robert  S.  Ran- 
toul,  for  the  freedom  of  the  ancient  city  of  Salem ; 

To  the  Massachusetts  Institute  of  Technology  for  our  temporary  home, 
and  to  its  distinguished  President,  Professor  James  M.  Crafts,  for  his 
initial  welcome  and  sustained  courtesies : 

To  the  citizens  of  Cambridge,  and  especially  the  corporation  of  old  Har- 
vard, for  a  welcome  to  the  neighboring  city  and  the  halls  of  the  Univer- 
sity, and  to  Professor  Charles  W.  Eliot  for  his  eloquent  and  inspiring 
address ; 

To  the  trustees  and  oflScers  of  the  Boston  Museum  of  Fine  Arts  and  of 
the  Boston  Public  Library  for  receptions  within  the  stately  walls  of  these 
noble  institutions ; 

To  the  Governor  and  Mrs.  Roger  Wolcott,  to  Mrs.  W.  B.  Rogers,  to 
Mrs.  John  C.  Phillips,  and  to  Mr.  and  Mrs.  John  L.  Gardner  for  recep- 
tions in  their  hospitable  homes ; 

To  the  local  committee  in  general,  and  especially  to  Professors  William 
T.  Sedgwick  and  H.  W.  Tyler  for  elaborate  arrangements  for  the  meet- 
ing, and  for  untiring  assiduity  and  courtesy  in  carrying  them  out ; 
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To  the  Technology  Clnb  for  the  working  room  for  the  conncil,  and  for 
various  facilities  and  favors ;  and  finally 

To  the  good  people  of  Boston,  all  and  several,  who  have  contributed  to 
make  our  stay  pleasant  and  profitable— their  name  is  legion,  and  their 
favor  is  a  deliglit. 

The  following  resolution  was  then  introduced  by  Dr.  H.  C.  Hovey,  on 
behalf  of  the  American  Association  for  the  Advuncemi^nt  of  Science  and 
the  Geological  Society  of  America,  jointly : 

Whbrras,  special  acknowledgments  are  due  to  the  Boston  Society  of 
Natural  History,  first,  for  initiating  the  movement  for  the  Jubilee  Meet- 
ing in  Boston,  and  afterward  for  making  material  provision  for  the  ac- 
commodation of  the  Association  and  the  afl^liated  societies,  therefore  belt 

Resolved,  that  the  hearty  thanks  of  the  American  Association  for  the 
Advancement  of  Science  and  the  Geological  Society  of  America  be  ex- 
tended to  the  Boston  Society  of  Natural  History  and  Its  eminent  Presi- 
dent, Professor  Charles  S.  Mi  not. 

On  behalf  of  the  American  Association  for  the  Advancement  of  Science 
and  the  National  Geographic  Society,  jointly,  W  J  McGkk,  as  Vice  Pres- 
ident of  the  latter  society,  submitted  the  following  supplementary  reso 
lution : 

Whereas,  the  members  of  the  several  afl9llated  societies  who  have  en- 
joyed the  pleasure  of  this  Jubilee  Meeting  of  American  Science  are  under 
special  obligations  to  the  Appalachian  Mountain  Club  for  hospitalities  be- 
ginning weeks  before  the  meeting  and  promised  to  continue  for  days  be- 
yond its  close,  therefore  be  it 

Hesolved,  that  the  American  Association  for  the  Advancement  of  Science, 
the  National  Geographic  Society,  and  all  other  aflSllated  societies  repre- 
sented in  this  assemblage  do  hereby  tender  special  thanks  and  assurances 
of  grateful  remembrances  to  the  Appalachian  Mountain  Club  for  the  rail- 
way facilities  it  has  provided,  for  the  excursions  it  ha^  arranged,  and  for 
the  many  courtesies  extended  by  its  officers  and  members. 

The  several  resolutions  were  seconded  collectively  by  past  president 
Dr.  Daniel  G.  Brinton,  speaking  on  behalf  of  the  United  States  and 
Canada;  Professor  D£sir£  Chaunay  of  Paris,  by  Dr.  Benjamin  Howard 
of  London  on  behalf  of  the  invited  guests,  and  by  Dr.  H.  C.  Hovby. 

The  following  letter  was  also  read : 

Train  from  Botton  to  New  York  City, 
Aug.  24,  1898. 
Mr  DEAR  Professor  Mendbnhall: 

There  is  a  most  important  message  which  I  was  going  to  ask  your  favor  to  convey 
to  the  American  Association  for  the  Advancement  of  Science  before  leaving  Boston, 
but  In  the  flying  moments  which  we  passed  so  pleasantly  it  escaped  my  rec4>l lections 
and  that  is  to  return  my  most  cordial  thanks  to  the  A  ssoclatlon  for  the  honoor  they  gave 
me  in  Inviting  me  as  one  of  their  guests  to  their  fiftieth  anniversary  meeting.  It  will  be 
most  gratifying  to  my  government  and  people  to  know  that  we  were  represented  on 
this  memorable  occasion.  I  only  regret  that  I  c-ould  not  stay  longer,  but  If  you  will 
kindly  explain  the  circumstances  of  my  visit  to  Boston,  I  hope  your  Association  will 
be  good  enough  to  forgive  me  in  taking  leave  In  th^s  unceremonious  manner;  be  so 
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good  as  to  forward  my  best  wishes  for  the  advancement  of  yoar  scientific  works* with 
which  yon  have  already  glorified  your  country,  and  for  happy  returns  of  many  such 
occasions. 

Yours  ever, 

A.  Tamakadatb. 

The  appreciative  expressions  were  gracefully  acknowledged  by  Profes- 
sor William  T.  Skdowick,  Chairman  of  the  executive  branch  of  the  Local 
Committee ;  he  then  presented  Dr.  Edward  Evkrbtt  Hale,  who  made 
farther  responses  on  behalf  of  the  people  of  the  city  and  state. 

It  was  announced  by  the  secretary  of  the  Council  that  the  following 
alterations  in  the  Constitution  of  the  Association  had  been  recommended 
by 'the  Council,  and  woald  be  pat  to  vote  in  general  session  next  year: 

Article  3.    Add:  i 

"  Associates  for  any  single  meeting  shall  be  admitted  on  the  payment  of  three 
dollars;  such  associates  to  have  all  the  privileges  of  the  meeting,  except  reading 
iwpers  and  voting. 

*'  Members  of  scientific  societies  whose  meetings  are  contemporaneous  with'or 
immediately  subsequent  to  that  of  the  Association  and  which  are  recognized  by  vote 
of  the  Council  as  '  Affiliated  Societies,*  may  become  associate  members  for  that  meet- 
ing on  the  payment  of  three  dollars.  They  shall  be  entitled  to  all  the  privileges  of 
membership  except  voting  or  appointment  to  office,  but  their  names  shall  not  appear, 
in  the  list  of  members  printed  in  the  annual  report. 

"  Any  member  or  fellow  of  any  national  scientific  or  educational  institution,  or 
of  any  society  or  academy  of  science,  of  any  country  not  in  America,  who  may  be 
present  at  any  meeting  of  the  Association,  shall,  on  presenting  the  proper  creden. 
tials,  be  enrolled  without  fee  as  a  Foreign  Associate  and  shall  be  entitled  to  all  the 
privileges  of  the  meeting  except  voting  on  matters  of  business." 

Art.  9.    So>s  to  read : 

"  The  officers  of  the  Association  shall  be  elected  by  ballot  by  the  Otneral  Com. 
roittee, "  etc.,  as  at  present. 

Art.  11.    Add  to  the  phrase : 

"At  such  time  as  the  Council  shall  determine,"  the  following:  "at  the  meeting 
subsequent  to  that  at  which  he  presides." 

Art.  17.    So  as  to  read : 

"  In  case  of  a  vacancy  In  the  office  of  President  the  Senior.Vlce  President  shall 
preside,  as  provided  in  Article  10,  until  the  General  Committee ^can  be  assembled 
and  the  vacancy  filled  by  election.  Vacancies  in  the  offices  of;  Vice-President,  Per- 
manent Secretary,  Secretary  of  the  Council,  Secretaries  of  the  Sections  and  Treas- 
urer, shall  be  filled  by  the  Council  by  ballot." 

Art.  18.    Insert  the  words : 

"  Two  meetings  "  instead  of  "  meeting  "  in  second  line. 

Art.  19.    So  as  to  read : 

'*  The  General  Committee  shall  consist  of  the  Council  and  one  member  or  Fellow 
elected  by  each  of  the  sections,  who  shall  serve  until  their  successors  are  elected,  it 
shall  be  the  duty  of  the  Committee,  etc.,  etc.,"— as  at  present— «rc«p<  the  word  "  Gen- 
eral "  to  be  substituted  for  "  nominating  "  In  the  laot  sentence.  Substitute  "  the  Sec- 
tional Committee  "  for  the  last  two  lines  beginning  "  a  Sub-Committee." 

Art.  20.     Substitute : 

"  General "  for  "  Nominating  "  in  third  line. 
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Art.  23.    Insert : 

••  Members  or  "  between  "  three  "  and  '•  fellows  "  In  second  line.  Add  "  The  Sec- 
tional Cummittee  may  Invite  distinguished  Foreign  associates  present  at  any  meeting 
to  serve  as  Honorary  members  of  said  Committee." 

Art.  25.    So  as  to  read : 

"  No  paper  shall  be  read  in  any  section  or  sub-section  until  It  has  been  placed  on 
the  programme  of  the  day  by  the  Sectional  Committee." 

Art.  26.     Substitute: 

•*  Committee  "  for  "Council  "  In  the  fifth  line.  Add  "The  Sectional  Committee 
shall  also  make  nominations  to  the  General  Committee  for  Vice-President  and  Secre- 
tary of  their  respective  sections  as  provided  for  In  Article  1§."  Also  change  "re- 
turned  "  to  "  referred"  In  next  to  last  line." 

Art.  28.    Insert: 

"Secretary  of  the  proper  section  or  to  the  "  before  "  Permanent "  In  the  first  line, 
and  substitute  "  considered  by  a  "  for  "  referred  by  the  Council  to  the  "  In  the  last 
sentence. 

Art.  29.     So  as  to  read : 

"  If  the  author  of  any  paper  be  not  ready  when  called  upon  in  the  regular  order 
of  the  ofllcial  program,  the  title  may  be  dropped  to  the  bottom  of  the  list." 

It  was  also  announced  that  the  Council  had  made  a  grant  of  $50  to  the 
Committee  on  Standards  of  Measurement  for  work  being  carried  on  by 
Prof.  H.  S.  Carhart,  and  a  grant  of  $50  to  the  Committee  on  Ethnology 
of  the  White  Race  in  America  for  instruments  to  be  constructed  by  Prof 
James  McRkbn  Cattell.  Other  applications  for  grants  had  been  laid  on 
the  table  on  the  ground  that  they  did  not  fulfil  the  conditions  of  a  reso- 
lution passed  by  the  Council,  which  was  as  follows :  — 

Resolved  that  grants  be  awarded  under  the  following  conditions :  — 

(1)  That  a  formal  request  be  received  for  such  grants. 

(2)  That  a  grant  be  awarded  for  a  specific  Investigation  only. 

(3)  That  a  report  be  submitted  to  the  Association  describing  the  re- 
suits  of  such  investigation. 

The  attention  of  the  members  was  called  to  the  sixteenth  annual  report 
of  the  Committee  on  Indexing  Chemical  Literature,  which  had  been  dis- 
tributed in  the  Section  of  Chemistry,  and  to  the  report  of  the  Committee 
on  Standards  of  Measurement,  which  was  ready  for  distribution  in 
printed  form. 

[These  reports  are  printed  elsewhere  in  the  volume.] 

The  following  report  of  the  Standing  Committee  on  Library  was  pre- 
sented : 

The  Standing  Committee  of  the  Association  on  Library  would  respect- 
fully present  the  following  report : 

The  Library,  now  placed  in  the  charge  of  the  University  of  Cincinnati, 
has  been  under  careful  supervision  during  the  past  year  and  has  been  ac- 
cessible daily  for  purposes  of  consultation. 

The  entire  collection  is  now  classified  on  the  Dewey  or  decimal  system, 
and  all  accessions  during  the  past  year  have  been  properly  classified  and 
I  ocntcd. 
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Arrangements  are  now  being  made  by  the  University  authorities  to  com- 
plete the  binding  of  the  collection,  and  this  will  be  followed  by  the  com- 
pletion of  the  catalogue. 

Until  this  is  finished,  no  satisfactory  attempt  can  be  made  to  provide 
for  the  circulation  of  the  volumes  In  the  Library  at  a  distance. 

The  shelving  and  arrangement  of  the  books,  the  facilities  for  direct 
consultation  and  the  protection  from  danger  by  fire,  are  all  that  could  be 
desired. 

Respectfully  submitted, 

Alfurd  Springer,  Chairman, 
T.  H.  Norton, 
Thomas  Frknch,  Jr  , 
w.  l.  dudlky, 
Amos  W.  Buti-kr. 

The  following  new  committees  were  announced  • 

1.  To  cooperate  with  the  National  Forestry  Association  of  Germany 
W.  H.  Brbwkr.  Chairman;  Gifford  Pinchot,  and  Arnold  Hague. 

2.  On  the  increase  of  the  efl^cieucy  of  the  U.  S.  Naval  Observatory : 
E.  C.  Pickering,  Chairman;  T.  C.  Mendknhall,  U.  S.  Woodward. 

It  was  announced  that  the  Council  had  passed  a  resolution  encourag- 
ing the  Sectional  Committees  to  procure  reports  on  recent  progress  from 
competent  scientists ;  that  the  Council  had  voted  that  at  future  meetings 
the  General  Secretary,  the  Secretary  of  the  Council,  and  the  Secretaries  of 
Sections  shall  each  receive  the  sum  of  twenty  dollars  towards  their  per- 
sonal expenses,  provided  that  all  ihe  secretarie-s  reside  in  the  same  house 
during  the  meeting;  that  the  Council  had  authorized  Section  H  to  hold  a 
winter  meeting;  and  that  the  next,  meeting  of  the  Association  would  be 
held  at  Columbus,  Ohio,  August  19,  1899,  under  the  presidency  of  Prof. 
Kdward  Orton. 

The  Council  had  considered  invitations  from  Philadelphia,  Jackson- 
ville, Chicago,  Niagara  Falls  and  Denver,  those  from  Philadelphia  and 
Jacksonville  being  especially  urgent  and  cordial.  The  invitations  from 
Columbus,  Ohio,  the  city  chosen,  were  as  follows: 


Ohio  State  Universily, 

Columbus,  August  8,  1898. 
Prof.  F.  W.  Putnam, 

President  of  the  American  Association  for  the  Advancement  of  Sci- 
ence. 
Dear  Sir:  — 

The  Trustees  and  Faculty  of  the  Ohio  State  Unlvcrsltycordially  Invite  the  Ameri- 
can Association  for  the  Advancement  of  Science  to  hold  its  meeting  of  1899  In  Colum- 
hus,  and  to  use  the  buildings  and  grounds  of  the  University  on  that  occasion. 

Very  truly  yours, 

ALEXIS  Cope, 
Secretary  Board  of  Trustee, 
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State  of  OhiOt  Executive  Department, 

Office  of  the  Governor  , 

Columt>u3t  Auguat'13,  J89tf. 
Pbof.  F.  W.  Putnam, 

Prebidemt  American  Association  for  the  advancement  of  Science 
Boston,  Mass. 
Sir:  — 

It  gives  me  great  pleasure  to  offer  this  communication  as  a  hearty  second  to  the  in- 
vitation which  will  be  given  to  the  American  Association  for  the  Advancement  of 
Science,  and  affiliated  societies,  to  hold  the  next  annual  session  in  the  city  of  Colum. 
bus,  state  of  Ohio. 

I  beg  to  assure  you  that,  speaking  for  the  people  of  this  city,  as  well  as  for  those  of 
the  state,  the  presence  of  so  distinguished  a  body  would  be  greatly  appreciated  and 
that  the  welcome  and  hospitality  which  would  meet  your  members  would  be  as  warm 
and  as  generous  as  possible.  I  need  not  remind  you  that  Obloans  in  the  past  and 
present  have  occupied  most  honorable  places  in  the  scientific  world  and  that,  there- 
fore, it  would  be  fitting  that  the  Association  should  honor  this  state  by  meeting  here. 
In  this  beautiful  city,  which  as  yon  know  is  the  home  of  the  state's  chief  institution 
for  higher  learning  and  the  advancement  of  the  arts  and  sciences,  the  members  of 
the  Association  would  certainly  have  a  pleasant  and  profitable  sojourn.  I  earnestly 
and  heartily  urge  upon  your  membership  the  invitation  that  has  been  extended  upon 
the  part  of  Ohio. 
Trusting  that  Columbus  may  be  chosen  as  the  place  for  the  meeting  of  1899,  I  am, 
ir,  with  highest  respect, 

Your  obedient  servant, 

Asa  S.  Bushnell, 

Governor  of  Ohio' 


Executive  Department t  City  of  Columbus, 

Auguit  11,1898. 
Prof.  F.  W.  Putnam, 

President  American  association  for  the  Advancement  of  Science. 

Dear  Sir  :  — 

In  behalf  of  the  citizens  of  Columbus,  Ohio,  I  beg  leave  to  extend  to  the  American 
Association  for  the  Advancement  of  Science,  and  affiliated  societies,  an  invitation  to 
hold  their  next  annual  meeting  in  this  city. 

[  assure  you,  if  you  will  thus  honor  us,  we  will  exhaust  every  effort  to  make  the 
visit  of  the  members  not  only  pleasant,  but  also,  so  far  as  lay  in  our  power,  profit- 
able. 

Hoping  that  you  may  be  able  to  give  us  favorable  consideration,  I  remain, 

Yours  sincerely, 

Sam'l  L.  Black. 


The.  Board  of  Trade  of  Columbus,  Ohio, 

July  30, 1898. 

To  THE  American  Association  for  the  Advancement  of  Science. 

Gentlemen:  — 
The  Board  of  Trade  of  the  city  of  Columbus,  Ohio,  desires  to  extend  to  your  most 
honorable  body  a  cordial  invitation  to  make  your  next  meeting  place  with  us.  We 
feel  that  we  have  much  to  offer  your  Association  in  the  way  of  centrallty  of  location, 
splendid  railroad  facilities. 'unexcelled  hotel  accommodations,  to  say  nothing  of  the 
hospitable  character  of  our  people,  assuring  you  the  most  kindly  and  generous  entflr- 
tainment. 


Digitized  by 


Google 


RKPORT  OF   THE   GENERAL  SECRETARY.  631 

We  shall  feel  complimented  by  your  aoceptance,  and  will  do  all  In  our  power  as  an 
organization,  and  as  Individuals,  to  make  your  stay  enjoyable. 

Very  respectfully, 

John  Y.  Bassbll, 

Secretary. 

Denison  Univeriitp,  GranviUe,  Ohio, 

August  Jo,  1898, 

Prof.  N.  W.  Lord,  Columbus,  Ohio. 
Dear  Sir:  — 

I  am  pleased  to  learn  that  an  effort  is  making  to  have  the  next  session  of  the  Amerl. 
can  Association  for  the  Advancement  of  Science  held  at  Columbus.  I  most  heartily 
approve  of  such  a  proposition.  As  president  of  the  *•  Ohio  College  Presidents'  Asso- 
ciation," I  desire  to  extend  a  most  cordial  Invitation  from  that  body  to  the  American 
Association  to  hold  their  meeting  within  the  bounds  of  our  State. 

As  president  of  Denison  University,  I  extend  a  like  cordial  Invitation  from  the 
trustees  and  faculties  of  the  institution  which  I  represent. 

Very  truly  yours, 

D.  B.  PURIKTON, 

President  of  Denison  University. 


Ohio  State  University,  Department  of  Geology, 

Columbus,  August  18, 1898. 
Dr.  L.  O.  Howard, 

Permanent  Secebtart,  A.  A.  A.  S.,  Boston,  Mass. 
Dear  Sir  :  — 

An  invitation  to  the  Association  to  held  its  next  meeting  (1899)  in  Columbus,  Ohio, 
win  come  before  It  through  proper  channels. 

I  shall  not  be  present  at  the  Boston  meeting,  and  therefore  beg  the  privilege  of  sup- 
porting our  invitation,  as  best  I  may,  by  a  brief  letter. 

The  main  points,  appropriateness  and  accessibility  of  location,  suitable  quarters 
for  the  meetings,  hotel  accommodations,  will  have  been  set  before  the  Association  so 
fully  as  to  need  no  reinforcement.  I  can  assure  you  of  a  very  cordial  reception  on 
the  part  of  our  people.  The  city  will  take  pride  in  welcoming  the  Association,  and 
will  leave  nothing  undone  on  its  part  towards  making  the  meeting  successful. 

As  far  as  American  Archaeology  is  concerned,  we  c4in  provide  excursions  of  un- 
rivalled interest.  Ohio  geology,  with  its  paleontological  and  economic  wealth,  can  be 
surveyed  to  excellent  advantage  from  the  capital  of  the  State. 

As  to  the  weather  to  be  expei-tcd,  I  may  add  that  while  "hot  waves"  sometimes 
steal  in  upon  us,  they  come  from  other  regions  and  go  elsewhere.  August  in  central 
Ohio  often  gives  us  delightful  summer  weather. 

I  hope  that  our  invitation  will  be  accepted,  and  that  Columbus  will  be  honored  by 
being  added  to  the  list  of  Association  cities. 

Very  truly  yours, 

Edward  Orton. 


Columbus,  August  17, 1898. 
To  THE  President  and  Council  of  the  American   Association  for  the 

Advancement  of  Science. 
Gentlemen : — 

The  Ohio  State  Board  of  Agriculture  extends  to  you  a  cordial  invitation  to  hold 
your  next  annual  meeting  in  the  city  of  Columbus,  Ohio,  and  will  do  all  in  its  power 
to  make  your  visit  to  this  city  agreeable  and  profitable. 

Yours  very  truly, 

W.  W.  Miller, 
Secretary. 
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The  Ohio  State  Jrchaological  and  HUtorical  Society, 
Columbus,  August  16, 1898. 
Prof.  P.  W.  Putnam, 
Pbbsidbnt  American  Association  for    the    Advancement   of    Science, 
Boston,  Mass. 

Dear  Sir: 

At  the  regular  monthly  meeting  for  August,  of  the  Trustees  of  The  Ohio  State 
Archaeological  and  Historical  Society,  I  was  Instructed,  as  Secretary,  to  write  yoa 
that  our  Society  extends  to  your  Association  a  most  urgent  and  hearty  Invitation  to 
hold  your  next  annual  convention,  1809,  In  this  city,  Columbus,  Ohio. 

Our  Society  will  cooperate  most  heartily  with  many  other  institutions  Interested  in 
the  same  purpose,  to  make  your  contention  a  success,  and  the  sojourn  of  your  mem- 
bers In  our  city  pleasant  and  profitable. 

As  you  are  fully  aware  our  Society  Is  Interested  In  the  archaeology  of  the  state. 
That  science  Is  represented  In  one  of  the  Important  branches  of  your  Association. 
As  you  well  know  Ohio  Is  rich  In  archaeological  research.  During  the  stay  of  your 
Association  In  our  city  we  could  arrange  for  an  excursion  to  Fort  Ancient,  which  we 
believe  would  be  a  most  delightful  and  Interesting  event  for  the  members. 

I  assure  you,  personally,  sir,  that  our  Society  will  be  exceedingly  gratified  to 
meet  and  welcome  you  to  our  city,  and  we  trust  that  you  will  give  Columbus  careful 
consideration  In  the  selection  of  the  place  for  your  next  convention.    I  am,  sir. 

Your  most  obedient  servant, 

£.  O.  Randall. 


Columbus  HortictUtural  Society, 
Columbus,  August  12,  1898, 

To  TUB  American  Association  for  the  advancement  of  Science. 
Gentlemen : — 

The  Columbus  llortlcultural  Smiety  extends  a  most  cordial  Invitation  to  the  members 
of  your  Association  to  hold  Its  next  annual  meeting,  tliat  of  1899,  In  the  city  of  Colum- 
bus, Ohio. 

We  earnestly  Invite  you  to  meet  In  our  capital  city,  not  alone  because  our  own 
membership  unanimously  desire  It,  but  also  because  the  public  spirited  men  and 
women  of  other  scientific  and  educational  institutlous  of  Columbus  and  vicinity,  will 
unite  with  us  In  doing  all  possible  to  make  the  meeting  a  signal  and  all-lnsplrlng  sue 
cess. 

Columbus  has  never  been  honored  with  a  meeting  of  your  Association,  but  If  our 
Invitation  Is  accepted  you  may  be  assured  that  the  very  best  efforts  of  the  city  will 
be  put  forth  to  make  the  occasion  one  of  equal  Interest  and  profit. 

William  R.  Lazenbt, 
President  Columbus  Horticultural  Society. 


Ohio  Society  of  Surveyors  and  Civil  Engineers, 
Granville,  O.,  August  11,  1898, 

To  the  American  Association  for  the  Advancement  of  Science,  Boston, 

Mass. 
Gentlemen  :  — 

The  Ohio  Society  of  Surveyors  and  Civil  Engineers  unites  with  other  State  Societies 
and  with  organizations  in  the  city  of  Columbus,  Ohio,  In  a  very  cordial  Invitation  to 
your  Association  to  hold  your  next  annual  session  in  the  capital  city  of  Ohio. 

Very  respectfully, 

J.  L.  GILPATRICK, 

Pres.  O.  S.  of  5.  <ft  C.  E, 
C.  N.  Brown, 
Scc'y  tfe  Treas. 
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Cohtmlnu,  0„  Auifwi  20, 1898, 
AMBBICAH  A880CL4TIOM  FOR  THB  ADTANCSMEMT  OF  SCIEKCE. 

The  Columbiia  Section  of  the  American  Chemical  Society  cordially  Invite  the  Amer- 
ican AModation  for  the  Advancement  of  Science  as  well  as  all  affiliated  organizations 
to  hold  their  next  annual  meeting  at  Colnmbns,  Ohio,  and  promise  to  do  all  in  their 
power  to  make  the  meeting  pleasant  and  profitable. 

Very  respectfully, 

H.  A.  Webek, 

Chairman, 


ColunOnu,  O.,  August  JO,  1898. 
Prof.  F.  W.  PumAM , 

PRB8.    AmERICAK   A880CIATI0H   FOR   TBS  ADVANCBMSMT  OF   SCJEMCB,  BOSTON, 

Mass. 

Dear  Sir:— 

The  Engineers'  Club  of  Colnmbns  sends  greeting  to  your  honorable  body  on  the 
occasion  of  your  jubilee  and  congratolates  yon  on  the  completion  of  fifty  years  of 
useful  and  distinguished  service  which  has  contributed  so  greatly  to  the  sum  of 
human  knowledge. 

The  full  membership  of  this  Club  unite  in  extending  their  heartiest  invitation  to 
your  Association  to  honor  this  city  by  choosing  it  for  the  place  of  your  annual  meet- 
ing in  1800. 

Very  sincerely, 

The  Engineers  Club  of  Columbus, 
Julian  Griggs, 
Prfident. 
Attest  H.  M.  GATfES, 

Stcretary, 


The  Permanbkt  Secretary  then  read  a  brief  accouDt  of  the  Boston 
meeting,  after  which  the  Pkbsidknt  formally  declared  the  session  ad- 
jonrned. 

James  MacMahon, 

General  Secretary. 
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The  fiftieth  auoiversary  meeting  of  the  Association  was  Iq  many  re- 
spects the  most  successful  in  the  liistory  of  the  organization.  In  point 
of  numbers  the  attendance  made  it  the  fourth  meeting  in  the  history  of 
the  Association.  The  scientific  and  other  advantages  of  Boston,  and  the 
fact  that  the  meeting  celebrated  the  fiftieth  anniversary  of  the  founding 
of  the  Association,  attracted  members  in  hirge  numix  r;*.  The  total  regis- 
tration was  908,  and  almost  every  State  in  the  Union  was  represented. 
The  State  which  had  the  largest  representation  was  Massachusetts,  with 
a  total  of  231 ;  New  York  came  second,  with  158,  and  the  District  of  Col- 
umbia third,  with  96.  Tlie  other  states  were  represented  as  follows: 
Pennsylvania  by  66;  Ohio  by  58;  Connecticut,  29;  New  Hampshiie,  23; 
Michigan,  23;  New  Jersey,  20;  Maryland,  19;  Wisconsin,  18;  Missouri, 
17;  Illinois,  16;  Rhode  Inland,  14;  Indiana,  12;  Maine,  10:  Virginia,  10; 
Iowa,  10;  Vermont,  7;  Minnesota,  7;  North  Carolina,  6;  Floritia,  6;  Kan- 
sas, 6;  Mississippi,  5;  Kentucky,  5;  West  Virginia,  4;  Georgia  4;  Louis- 
iana. 3 ;  Tennessee,  3 ;  Texas,  8 ;  Colorado,  3 ;  South  Carolina,  2 ;  Nebraska, 
2;  and  Montana,  North  Dakota  and  California,  1  each. 

The  term  American  has  always  been  held  by  the  Association  to  include 
not  only  citizens  of  the  United  States,  but  of  other  American  countries, 
and  members  from  Cainada  have  alwuys  been  present  at  the  meetings.  At 
this  session  there  were  present  sixteen  members  from  British  North 
America.  There  were  representatives  from  other  countries  in  attend- 
ance. The  Republic  of  France  sent  an  official  representative,  who,  with 
his  wife,  appear.'*  upon  the  registration  list  of  the  meeting.  Three  per- 
sons registered  from  Great  Britain,  one  from  New  South  Wales,  one 
from  Brazil,  and  one  from  Japan. 

.  Not  alone  in  point  of  the  numbers  in  attendance  was  the  meeting  re- 
markably successful.  More  papers  than  usual  were  read  befortt  the  dif- 
ferent sections.  Considering  that  during  the  week  two  entire  days  were 
spent  at  Salem  and  Cambridge  during  which  no  papers  wore  read,  and  that 
the  first  day.  Monday,  was  entirely  occupied  by  the  general  session  and  the 
delivery  of  the  addresses  of  the  Vice-Presidents,  it  is  remarkable  that 
the  Assoclaiion  should  have  completed  the  reading  and  discussion  of  so 
many  different  papers.  In  all  443  papers  were  considered  during  the 
week.  Of  these  39  were  presented  to  Section  A  ;  51  to  Section  B;  90  to 
Section  C ;  20  to  Section  D ;  54  to  Section  E  and  the  afllllated  societies 
which  met  with  it ;  35  to  Section  F ;  56  to  Section  G ;  10  to  the  Botanists* 
Club;  66  to  Section  H;  33  to  Section  I. 
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Eleven  affiliated  societies  met  with  the  Association  —  a  larger  number 
than  at  any  previous  meeting,  and  it  is  worthy  of  note  that  the  Geological 
Society  of  America  and  the  National  Geographic  Society  joined  forces 
with  Section  £  of  the  Association  in  the  same  way  that  the  American 
Chemical  Society  has  for  two  years  past  met  with  Section  C.  So  also  the 
American  Folk-lore  Society  met  on  Thursday,  Aug.  25,  with  Section  H. 

Of  the  272  members  elected  since  the  Detroit  meeting  209  have  per- 
fected their  membership;  also  11  of  those  elected  at  the  Detroit  meeting 
and  1  elected  at  the  Buffalo  meeting  have  perfected  their  membership ;  62 
have  paid  their  arrears,  and  in  addition  5  have  paid  life  membership  fees 
to  be  reinstated  under  their  original  date  of  membership  and  all  the*>e 
have  been  restored  to  the  roll ;  1  name  was  omitted  from  the  Detroit  list 
by  mistake,  but  Is  now  printed  in  the  Boston  volume ;  1  more  founder  of 
the  Association  has  been  added  to  the  ILnt  of  fellows  as  a  life  fellow,  mak- 
ing 280  names  added  to  the  roll  since  the  Detroit  volume  was  published. 

From  the  Detroit  list  25  names  (Including  2  founders  and  one  other 
honorary  fellow  of  the  Association)  have  been  transferred  to  the  list  of 
deceased  members;  18  members  and  fellows  have  resigned,  iind  119  have 
been  omitted  for  arrearages,  making  a  deduction  of  162  from  the  list. 

Thirty-one  members  have  paid  fellowship  fees  and  have  been  transferred 
to  the  list  of  fellows. 

The  following  Is  a  comparative  statement  of  the  roll  as  printed  in  the 
Buffalo  and  Detroit  volumes  and  In  the  present  volume : 

Buffalo.  Detroit.  Boston. 

Living  patrons,   ....        2 
Corresponding  members,    .  1 

Members, 991 

Living  honorary  fellows     .        .        8 
Fellows, 805 

1,802  1,610  1,729 

Honorary  life  members  (founders) 

included  In  the  above    .6  6  6 

The  distribution  of  publications  since  the  last  report  Is  as  follows : 
Memoir  No.  1:  sold,  1  copy;  Proceedings,  Vols.  1-45,  delivered  to 
members,  249 ;  sold,  78 ;  exchanges,  5 ;  duplicate  copies  to  members,  3 ; 
=  336.  Proceedings,  Vol.  46,  delivered  to  members,  1283;  sold,  27:  ex- 
changes, 247;  presented,  3;  =  1560.  Returned  by  members,  2;  returned 
by  an  exchange,  1.  Constitution,  sold,  3  copies.  Subscription  has  been 
received  for  1  copy  of  Volume  47. 

No  changes  In  the  constitution  were  adopted  at  the  meeting,  although, 
as  appears  from  the  Report  of  the  General  Secretary,  a  number  of  amend- 
ments were  proposed  and  considered  by  the  Council,  most  of  them  being 
dependent  upon  changes  adopted  at  the  Detroit  meeting.  These  proposed 
amendments  will  come  up  for  consideration  at  the  Columbus  meeting. 
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In  the  last  volonie  of  the  Proceedings  the  former  Permanent  Secretary, 
Professor  Pntnam,  in  closing  his  report  referred  to  his  long  term  of  of- 
fice with  appreciative  words  for  ttie  conrteoas  and  helpfnl  attitude  of 
members  of  the  Association  towards  himself  personally  and  officially. 
Appreciation  as  between  Professor  Pntnam  and  the  Association  has  not, 
however,  been  one-sided,  and  the  Association  has  shown  so  far  as  it  has 
been  able  to  do  so  by  official  action  its  personal  regard  for  the  former 
Permanent  Secretary  and  its  estimate  of  his  ability  by  electing  him  to 
the  highest  office  in  its  gift  —that  of  President.  The  writer  feels  mncb 
diffidence  in  assuming  an  office  which  has  been  so  loni;  and  ably  filled  bat 
assures  the  Association  of  his  devotion  to  its  interests. 

L.  O.  Howard, 

PtrmanerU  Secretary. 

Nov.  3,  1898. 


REPORT  OF  THE  TREASURER. 


In  compliance  with  article  15  of  the  Constitution,  I  have  the  honor  to 
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The  American  Association  for  the  Advancement  of  Science. 
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Thb  American  Association  for 

For  the  year  ending 


Dr 
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Cambridge,  Mass,  May  9,  1898. 
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Vol.  46 
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Extra  clerical  lai»or  and  typewriting 
Telegraph  and  telephone 
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Assistant          ** 720  00 
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98  76 

]  00 

25  82 

8  00 

387  72 

48  36 

127  22 

182  00 

22  97 

81  36 

63  20 

33  38 

18  54 

8  00 

378  30 

1,198  67 


563  29 


677  74 


2,070  00 

417  00 

1,663  67 


$6,490  27 
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